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SYMBOLS 
a c c e l e r a t i o n  of g r a v i t y ,  m/sec2 ( f t / s e c 2 )  




BGT boos t -g l ide  t r a n s p o r t  
c o s t  of BGT a i r p l a n e  less engines  and a v i o n i c s ,  $ ‘AF 
‘AV c o s t  of a v i o n i c s  equipment per  a i r c r a f t ,  
c o s t  of BGT a i r p l a n e  ( t o t a l ) ,  $ 
$ 
‘BGT 
cD hypersonic  drag  c o e f f i c i e n t  (drag/qS) 
hypersonic  induced drag  f a c t o r  c /CL2 
Di 
0 




c o s t  of hydrogen per  u n i t  weight ,  $/kg ($ / lb )  
hypersonic  l i f t  c o e f f i c i e n t  ( l i f t / q S )  
‘ME c o s t  of rocke t  engine  s e t  p e r  a i r c r a f t ,  $ 
cO 
c o s t  of oxygen per  u n i t  weight ,  $/kg ( $ / l b )  
‘TJ c o s t  of t u r b o j e t  engine s e t  p e r  a i r c r a f t ,  $ 
DOC d i r e c t  o p e r a t i n g  c o s t ,  
t o n  s t a t u t e  mi le )  
$ p e r  t o n  s t a t u t e  m i l e  ( o r  C p e r  
E modulus of e l a s t i c i t y ,  N/m2 ( l b / i n . 2 )  
compressive y i e l d  stress, N/m2 ( l b / i n , 2 )  f 
CY 
f 
t Y  
f u s e l a g e  material p r o p e r t i e s  parameter 






K R  
des ign  f a c t o r  f o r  empennage weight 
design f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
buckl ing  c r i t e r i a  
des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
c r i p p l i n g  c r i t e r i a  
des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  n o t  designed by 
primary l o a d s  
des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
s t i f f n e s s  cr i ter ia  
des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
y i e l d  c r i t e r i a  
des ign  f a c t o r  f o r  p r o p e l l a n t  system weight 
d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  designed by 
buckl ing c r i t e r i a  
des ign  f a c t o r  f o r  wing s t r u c t u r e  designed by 
c r i p p l i n g  c r i t e r i a  
des ign  f a c t o r  f o r  wing s t r u c t u r e  n o t  designed by 
primary l o a d s  
des ign  f a c t o r  f o r  wing s t r u c t u r e  designed by 
s t i f f n e s s  c r i t e r i a  
des ign  f a c t o r  f o r  wing s t r u c t u r e  designed by 
y i e l d  cr i ter ia  
f u s e l a g e  material p r o p e r t i e s  parameter 
g r o s s  l i f t - o f f  weight ,  kg ( l b )  
annual  insurance  ra te ,  %/lo0 
s p e c i f i c  impulse,  N-sec ( lb;Lrc) 
kg 
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T~~ 
f r a c t i o n  of o r i g i n a l  TPS manufacturing c o s t  r equ i r ed  pe r  
f l i g h t  f o r  TPS maintenance 
d e p r e c i a t i o n  l i f e  of a i r c r a f t  , 
c r u i s e  l i f t - d r a g  r a t i o  
average load  f a c t o r  ( r a t i o  of average payload c a r r i e d  
t o  normal maximum c a p a b i l i t y ) ,  %/lo0 
u s e f u l  l i f e  of thermal  p ro tec t ion  system ( f l i g h t s )  
mix ture  r a t i o  (02/H2) 
number of rocke t  engines  p e r  a i r c r a f t  
number of t u r b o j e t  engines p e r  a i r c r a f t  
f r e e  stream dynamic p res su re ,  N/m2 ( l b / f t 2 )  
yea r s  
range  covered dur ing  
c r u i s e  range,  km 
range  dur ing  descent  
a scen t ,  km ( s t a t u t e  mi l e s )  
( s t a t u t e  m i l e s )  
and landing ,  km ( s t a t u t e  m i l e s )  
g l i d e  range,  km ( s t a t u t e  mi l e s )  
average maintenance labor  rate, a l l  personnel ,  $/manhour 
r eusab le  s u r f a c e  i n s u l a t i o n  
o p e r a t i o n a l  range,  km ( s t a t u t e  m i l e s )  
r e fe rence  area, tn2 ( f t 2 )  
b lock  t i m e ,  h r  
t i m e  of f l i g h t ,  h r  





















t u r b o j e t  t h r u s t  ( s ea - l eve l  s t a t i c )  pe r  engine ,  N ( l b )  
maximum t h r u s t  t o  weight r a t i o  a t  t ake -o f f ,  N/kg 
a i r c r a f t  u t i l i z a t i o n ,  b lock  h r / y r  
block v e l o c i t y  ( o p e r a t i o n a l  range/e lapsed  t i m e ) ,  km/hr (MPH) 
v e h i c l e  burnout v e l o c i t y  
v e h i c l e  burnout v e l o c i t y  wi th  e m p i r i c a l l y  a d j u s t e d  e f f e c t  
of e a r t h ' s  r o t a t i o n  
v e h i c l e  burnout v e l o c i t y  inc lud ing  t e r m  c o n t r i b u t e d  by t h e  
ea r th ' s  r o t a t i o n  
r o t a t i o n a l  v e l o c i t y  of t h e  e a r t h  a t  t h e  equa to r ,  m / s e c  ( f t / s e c )  
weight of BGT a i r c r a f t  exc luding  main p r o p e l l a n t s ,  pro- 
p u l s i o n ,  a v i o n i c s ,  payload, and w e t  a i r f r a m e  i t e m s ,  
weight of a v i o n i c s  equipment pe r  a i r c r a f t ,  kg ( l b )  
weight a t  end boos t ,  kg ( l b )  
p r o p e l l a n t s  consumed dur ing  descen t ,  kg ( l b )  
r e s e r v e  p r o p e l l a n t s ,  kg ( l b )  
weight of main p r o p e l l a n t s ,  kg ( l b )  
t o t a l  f u s e l a g e  s t r u c t u r a l  weight minus t h e  f u s e l a g e  f i x e d  
weight ('F - 'F,F) 9 kg ( Ib )  
f u s e l a g e  f i x e d  s t r u c t u r a l  weight (weight of a l l  f u s e l a g e  


















i n s t a l l e d  weight of main engines pe r  a i r c r a f t ,  kg ( l b )  
weight of crew, r e s i d u a l s ,  power reserve and i n - f l i g h t  
l o s s e s  , kg ( l b )  
wing material p r o p e r t i e s  parameter 
weight of normal maximum payload, kg ( l b )  
r e fe rence  wing loading  a t  burn-out , kg/m2 ( l b / f t 2 )  
thermal  p r o t e c t i o n  system weight ,  kg ( l b )  
main engine weight t o  t h r u s t ,  kg/N 
t u r b o j e t  p ropuls ion  specif ic  weight  ril:J), kg/N 
i n s t a l l e d  weight o f  t u r b o j e t  engines  and d u c t s  p e r  
a i r c r a f t  , kg ( l b )  
t o t a l  wing weight minus t h e  wing f i x e d  weight 
(ww - WWSF) I kg O b )  
wing f i x e d  weight (weight o f  a l l  wing elements  n o t  
designed by primary l o a d s ) ,  kg ( l b )  
material d e n s i t y ,  kg/m3 ( l b / f t 3 )  
launch azimuth (North - O", East = 90". . . .) 





A parameter i n  t h e  DOC formula which s i g n i f i c a n t l y  impacts 
DOC and which is  d i r e c t l y  r e l a t a b l e  t o  hypersonic  technology 
A parameter which r e l a t e s  Drivers t o  s p e c i f i c  areas of 
hyper son ic  r e sea rch  
x v i i  
INTRODUCTION AND SUMMARY 
The o b j e c t i v e  of t h i s  s tudy  is  t o  provide a s y s t e m a t i c  procedure f o r  
e v a l u a t i n g  t h e  relative value of technology f a c t o r s  a f f e c t i n g  des ign ,  con- 
f i g u r a t i o n ,  and o p e r a t i o n  of a boost-gl ide t r a n s p o r t  (BGT). Emphasis i s  on 
t h e  p o t e n t i a l  economic g a i n s  achievable  through p r o j e c t e d  advances i n  
hypersonic  technologies .  
I n  t h i s  c o n t e x t ,  t h e  "systematic  procedure" i s  a " tool"  in tended  f o r  
NASA's u s e  - by which t h e  p o t e n t i a l  payoff from a l t e r n a t i v e  hypersonic  
r e s e a r c h  o b j e c t i v e s  may be  q u a n t i t a t i v e l y  eva lua ted ,  A s  such, t h i s  " tool"  
is in tended  t o  complement t h e  e x i s t i n g  p r a c t i c e s  and procedures  which NASA 
u s e s  i n  i ts  technology planning process .  
The l o g i c  of t h e  s u b j e c t  method, developed i n  r e f e r e n c e  1, i s  i l l u s t r a t -  
ed i n  f i g u r e  1. 
The b a s e l i n e  may b e  any c o n f i g u r a t i o n  f o r  which it i s  d e s i r e d  t o  determine 
t h e  re la t ive v a l u e s  of p o t e n t i a l  technology improvements i n  suppor t  of 
technology planning. 
ed from a n  independent s tudy  o r  t o  b e  synthes ized  from independent d a t a  
sources .  The output  of  t h i s  f i r s t  s t e p  i s  v e h i c l e  and miss ion  d a t a  which 
are s p e c i f i c a l l y  requi red  t o  i n i t i a t e  t h e  succeeding s t e p s .  
The method begins  w i t h  the  d e f i n i t i o n  of a b a s e l i n e  BGT. 
The p r e s e n t  method c a l l s  f o r  t h e  b a s e l i n e  t o  b e  obta in-  
The second s t e p  i n  t h e  method i s  t o  u s e  formulas f o r  t h e  computation 
of Direct Operat ing Costs  (DOC) f o r  t h e  b a s e l i n e .  These formulas comply 
w i t h  A i r  Transpor t  Assoc ia t ion  of America convent ions,  b u t  are modified t o  
r e f l e c t  p r o j e c t e d  boos t -g l ide  f a c t o r s .  This s t e p  a l s o  i d e n t i f i e s  t h e  DOC 
"Drivers"; i . e . ,  parameters of t h e  DOC formulas which are d i r e c t l y  r e l a t a b l e  
t o  hypersonic  technology and which have s i g n i f i c a n t  impact on t h e  DOC. 
The t h i r d  s t e p  i n  t h e  method i s  t o  compute t h e  impact upon t h e  DOC 
Drivers of v a r i a t i o n s  i n  Technology Parameters (TP's).  By d e f i n i t i o n ,  TP's 
are parameters  which are lower- t ie r  t o  t h e  Drivers and which are r e l a t a b l e  
t o  s p e c i f i c  areas of hypersonic  r e s e a r c h .  The b a s e l i n e  TP's w i l l  have 
been s p e c i f i e d  w i t h i n  t h e  d a t a  obta ined  from t h e  f i r s t  s t e p ,  
The f o u r t h  s t e p  involves  p r o j e c t i o n s  of technology advances beyond t h e  
s ta te -of - the-ar t  incorpora ted  i n  t h e  b a s e l i n e  BGT. 
a t  t h e  leve l  of t h e  Technology Parameters re ferenced  above. 
j e c t i o n s ,  made by t h e  a p p r o p r i a t e  technology s p e c i a l i s t s ,  are prime i n p u t s  
t o  t h e  fo l lowing  s t e p .  
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. Technology improvements 
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Technology 0 P 1 anner  
F igure  1.- Method Logic 
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The f i f t h  s t e p  i n t e g r a t e s  t h e  preceding d a t a  t o  produce estimates of 
t h e  p o t e n t i a l  DOC sav ings  a f forded  by advances i n  t h e  hypersonic  t echno log ie s .  
The re la t ive DOC sav ings  p e r  technology a rea  i s  t h e  major product of t h e  
s u b j e c t  method. To q u a l i f y  t h e  product ,  s t e p  f i v e  inc ludes  s e n s i t i v i t y  and 
economics ana lyses .  The s e n s i t i v i t y  a n a l y s i s  examines t h e  impact of un- 
cer ta in t ies  upon t h e  r e l a t i v e  economic va lues  of t h e  t echno log ie s ,  The un- 
cer ta int ies  apply t o  t h e  semiempirical  cons t an t s  conta ined  i r ?  t h e  DOC formulas 
and t o  t h e  p r o j e c t e d  technology improvements. I f  t h e  s e n s i t i v i t y  and economic 
a n a l y s e s  q u a l i f y  t h e  results t o  be v a l i d  and meaningful,  t h e  product i s  
a p p r o p r i a t e l y  packaged t o  b e  t r a n s m i t t e d  t o  t h e  pe r son( s )  o r  o r g a n i z a t i o n ( s )  
who are r e s p o n s i b l e  f o r  technology planning. 
Scope and Q u a l i f i c a t i o n s  
The s u b j e c t  method has been designed t o  provide  a q u a n t i t a t i v e  r a t i o n a l e  
which w i l l  suppor t  NASA’s planning and resource  a l l o c a t i o n  f o r  boos t -g l ide  
v e h i c l e  technology, 
imposed on t h e  method are a p p r o p r i a t e  t o  t h i s  o b j e c t i v e ,  
t h e  method is p a r t i c u l a r l y  designed t o  e l i m i n a t e  spu r ious  informat ion .  
The depth of a n a l y s i s  and t h e  accuracy  requi rements  
The f i n a l  s t e p  i n  
I n  g e n e r a l ,  t h e  method a p p l i e s  toiany passenger  o r  cargo-car ry ing  
boos t -g l ide  miss ion  where t h e  a i r c r a f t  i s  of t h e  v e r t i c a l  t ake-of f ,  h o r i -  
z o n t a l  l and ing  type ,  and u t i l i z e s  rocke t  engines  f o r  p ropu l s ion .  
The u s e r  of t h e  method is caut ioned ,  however, t o  l i m i t  i t s  a p p l i -  
c a t i o n  t o  i t s  in tended  o b j e c t i v e :  t o  suppor t  technology p lanning .  
The r e s u l t s  of t h e  method are n o t  intended t o  e v a l u a t e  t h e  economics 
of boos t -g l ide  o p e r a t i o n s ,  nor t o  e v a l u a t e  a i r c r a f t  des ign  o r  oper- 
a t i o n a l  f e a t u r e s .  For such purposes,  independent s t u d i e s  would be  
performed. 
Organiza t ion  of Report 
The method i s  modularized t o  permit ease of communication and d a t a  
handl ing  between t h e  v a r i o u s  personnel  who would p a r t i c i p a t e  i n  i t s  a p p l i -  
c a t i o n .  
f i v e  s t e p s  d i scussed  ear l ier  and a s i x t h  which provides  p r o j e c t  d i r e c t i o n  
and i n t e g r a t i o n  f o r  t h e  t o t a l  a c t i v i t y ,  
l i s t e d ,  as fo l lows ,  by t i t l e :  
I n  t o t a l ,  t h e r e  are s i x  method modules - f i v e  cor responding  t o  t h e  
These s i x  method modules are 
3 
MM No. 1 - Method I n t e g r a t i o n  
MM No, 2 - Basel ine  BGT D e f i n i t i o n  
MM No. 3 - DOC Formulas and D r i v e r s  
MM No, 4 - Technology Parameter Equations 
MM No, 5 - Technology P r o j e c t i o n s  
MM No, 6 - R e s u l t s  and Analyses 
Each method module i s  e s s e n t i a l l y  a set of i n s t r u c t i o n s  and procedures  
t o  b e  appl ied by t h e  u s e r  i n  developing t h e  output  r e q u i r e d  of h i s  p a r t i c u l a r  
module. Each module c o n t a i n s  d e t a i l e d  i n s t r u c t i o n s  and procedures ,  a state- 
ment of t he  i n p u t  d a t a  r e q u i r e d ,  t h e  o u t p u t  d a t a  t o  be produced, and a n  
example demonstration of t h e  method. 
Demonstration 
The methodology and procedures  were a p p l i e d  t o  an example case d u r i n g  
t h e  s tudy  t o  i l l u s t r a t e  t h e i r  use.  
appears  i n  f i v e  p a r t s ,  one demonstrat ion s e c t i o n  i n  each of modules 2 - 6 ,  
i n c l u s i v e l y .  This  s e c t i o n  is a b r i e f  summary of t h e  demonstrat ion.  
The f u l l  p r e s e n t a t i o n  of t h e  demonstrat ion 
Basel ine BGT (Module 2),- The g e n e r a l  arrangement of t h e  b a s e l i n e  BGT i s  
shown i n  f i g u r e  2 .  The v e h i c l e  employs a flat-bottomed body having a con- 
s t a n t  c ross -sec t iona l  shape developed by NASAILRC. 
planform is  based  on Space S h u t t l e  o r b i t e r  phase C f i n d i n g s .  I n  a d d i t i o n ,  
a canard c o n t r o l  s u r f a c e  i s  deployed f o r  c o n t r o l  and l i f t  augmentation f o r  
subsonic  f l i g h t  only.  
Its double-del ta  wing 
Liquid hydrogen is c a r r i e d  i n  a hybr id  i n t e g r a l  t ank  having t h r e e  ce l l s  
A m u l t i - c e l l  l i q u i d  oxygen tank  i s  i n t e g r a l  w i t h  
The payload compartment i s  a l s o  i n t e g r a t e d  w i t h  t h e  
F igure  2 shows t h e  payload compartment f o r  a 
f o r  packaging e f f i c i e n c y .  
t h e  wing carry-through. 
carry- throughl tank s t r u c t u r e .  
passenger v e r s i o n  having a 195 passenger-seat  a l l o c a t i o n .  
The main propuls ion  system employs twelve engines  d e r i v e d  from t h e  
S h u t t l e  o r b i t e r  main engines .  
ve r t i ca l  launch is 1 .25 .  
l y  t o  l i m i t  boost  a c c e l e r a t i o n  t o  2 g. 
Thrust-weight r a t i o  a t  l i f t - o f f  f o r  t h e  









Four hydrogen-burning t u r b o j e t s  are employed f o r  l o i t e r ,  descent  and 
h o r i z o n t a l  l anding ,  
of t h e  F401-PW-400 engine as s t u d i e d  by P r a t t  and Whitney f o r  S h u t t l e  a p p l i -  
c a t i o n ,  A h o r i z o n t a l  take-off o p t i o n a l  c a p a b i l i t y  f o r  f e r r y  miss ions  is  
a v a i l a b l e  wi th  f o u r  %olt-on" nace l le - type  modules u s i n g  t h e  same engine.  
The engines  are s c a l e d  from a hydrogen-burning v e r s i o n  
The bas ic  aluminum a l l o y  a i r f rame i s  p r o t e c t e d  by a f u l l y  r e u s a b l e  
thermal  p r o t e c t i o n  system (TPS) r e p l a c e a b l e  a f t e r  500 f l i g h t s ,  The TPS, 
which i s  based on t h e  S h u t t l e  o r b i t e r ,  c o n s i s t s  of ceramic and e l a s t o m e r i c  
r e u s a b l e  s u r f a c e  i n s u l a t i o n  and r e i n f o r c e d  carbon-carbon i n  t h e  wing l e a d i n g  
edge and nose cap. 
The technology s ta te -of - the-ar t  f o r  t h e  b a s e l i n e  BGT i n  t h i s  demon- 
s t r a t i o n  is  advanced pos t -Shut t le  technology w i t h  t h e  a d d i t i o n a l  q u a l i f i -  
c a t i o n  t h a t  t h e  technology r e p r e s e n t  a n a t u r a l  follow-on t o  S h u t t l e .  
Summary weight and performance c h a r a c t e r i s t i c s  of t h e  b a s e l i n e  BGT 
are : 
Gross take-off weight 1 814 000 kg (4 000 000 l b )  
Landing weight 277 600 kg (612 000 l b )  
Dry weight 243 600 kg (537 000 l b )  
Payload weight 1 9  050 kg (42 000 l b )  
T o t a l  range (due-East launch)  17 190 km (10 680 s. mi.) 
Hypersonic l i f t - d r a g  r a t i o  3.0 
Main engine s p e c i f i c  impulse (vac) 4560 N-sec/kg (465 lb f -sec / lbm)  
Summary o p e r a t i o n a l  c h a r a c t e r i s t i c s  are : 
Opera t iona l  t i m e  per iod:  post-2000 
Opera t iona l  load f a c t o r  of 60 p e r  c e n t  
Block t i m e  of 1.5 hours  
Airframe d e p r e c i a b l e  l i f e  of 10 y e a r s  
7143 f l i g h t  c y c l e s  dur ing  d e p r e c i a b l e  l i f e  
DOC Formulas and Drivers (Module 3). - The b a s e l i n e  Direct Operat ing 
Costs  (DOC) computed f o r  t h i s  b a s e l i n e  BGT, usirrg t h e  equat ions  developed 
i n  t h e  s tudy ,  are shown i n  Table I. These v a l u e s  are used as t h e  b a s e  
v a l u e s  from which t h e  e f f e c t s  of technology improvements are computed. 
6 
TABLE I.- BASELINE DIRECT OPERATING COSTS 
T o t a l  
DOC Element 
183.9 $/ton-mile 
P r o p e l l a n t  
Deprec ia t ion  
Maintenance 
Insurance  
C r e w  






The t o t a l  DOC of about 184 C/ton-mile f o r  t h e  b a s e l i n e  BGT corresponds 
t o  12.3 $ /sea t -mi le  f o r  a passenger vers ion  of t h e  t r a n s p o r t .  
DOC v a l u e s  p r o j e c t e d  f o r  a 747-class subsonic t r a n s p o r t  i n  t h e  same t i m e  
pe r iod  are 12 .6  C/ton-mile and 0.84 C/seat-mile. The s u b s t a n t i a l  d i f f e r e n c e  
underscores  t h e  need f o r  cos t - reducing  technology advancements from t h e  
s t a t e -o f - the -a r t  assumed f o r  t h e  b a s e l i n e  i n  t h i s  demonstration. 
Comparative 
Driver p a r t i a l s ,  as i n d i c a t e d  f o r  s t ep  2 i n  f i g u r e  1, are an  impor tan t  
L ou tpu t  of Module 3, These p a r t i a l s  are def ined  as (ADOC/DOC) d iv ided  by 
(ADriver lDr iver ) .  
i n  DOC" v e r s u s  "% change i n  Driver." 
an  approximation f o r  u se  i n  t h i s  method, 
and I s p  par t ia l s  show t h a t  a n  i n c r e a s e  i n  t h e s e  parameters reduces  DOC. 
Conversely, t h e  p o s i t i v e  s l o p e s  f o r  (WAF/GLOW) , (W/T)ME and ( W / A ) T ~ S  
i n d i c a t e  t h a t  r educ t ions  i n  t h e  va lues  of t h e s e  parameters reduce  DOC. 
The s t e e p e r  s l o p e s  r e p r e s e n t  h i g h e r  percentage s ens i t i v i t i e s  of DOC t o  
Dr ive r  improvements, 
They are presented  g r a p h i c a l l y  i n  f i g u r e  3 as ' I %  change 
The l i n e a r i t y  of t h e  r e l a t i o n s h i p s  is  
The nega t ive  s l o p e s  f o r  t h e  L/D 
Technology Parameter Equations (Mpdule 4). - Technology Parameters are 
shown i n  Table  I1 i n  r e l a t i o n  t o  t h e  s i x  DOC Dr ive r  parameters ,  
f a c t o r  parameters ( l i s t e d  under WAF/GLOW) are subdivided i n  Module 4 to apply  
s p e c i f i c a l l y  t o  s t r u c t u r e  designed by buckl ing ,  c r i p p l i n g ,  s t i f f n e s s  o r  y i e l d  
c r i t e r i a  and by primary loads .  Note t h a t  f o u r  of t h e  Dr iver  parameters,  I s p ,  
(W/A)TPS, LTps and ( b E / T ) ,  s e r v e  a second f u n c t i o n  as t h e i r  own Technology 
Parameters ,  The Technology Parameter p a r t i a l s ,  i .e. , - (ADriver/Driver) / 
(ATechnology Parameter/Technology Parameter) are  t h e  primary ou tpu t  of 
Module 4. These par t ia l s  appear  i n  Table 4-VI1 of t h i s  r e p o r t ,  and are n o t  
r epea ted  he re .  
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Technology P r o j e c t i o n s  (Module 5).- During t h e  s t u d y ,  p o t e n t i a l  improve- 
ments i n  t h e  Technology Parameters were p r o j e c t e d  by Rockwell s p e c i a l i s t s ,  
This  is s t e p  4 i n  f i g u r e  1. 
Table  11, appearing as percentage  v a l u e s  i n  p a r e n t h e s e s ,  The f u l l  summary 
of t h e  technology p r o j e c t i o n  i n  t h i s  demonstrat ion i s  presented  i n  Table  5-V 
of t h i s  r e p o r t .  
These p r o j e c t e d  improvements are summarized i n  
L 
Basel ine  DOC ADOC 
P r o j e c t i o n  C/ton-mile C/ton-mile 
R e s u l t s  and Analys is  (Module 6).- P o t e n t i a l  r e d u c t i o n s  i n  DOC f o r  pro- 
j e c t e d  improvements i n  t h e  i n d i v i d u a l  technology parameters  were obta ined  by 
mul t ip ly ing  : 
D r i v e r  p a r t i a l s  from Module 3 x 
i n d i v i d u a l  Technology Parameter p a r t i a l s  from Module 4 x 
technology p r o j e c t i o n s  ( c o n s e r v a t i v e ,  nominal and 
b a s e l i n e  DOC of 183.9 C/ton-mile from Module 3 
o p t i m i s t i c )  from Module 5 x 
Where 'lconservativel '  and "opt imis t ic"  p r o j e c t i o n s  were n o t  a v a i l a b l e ,  they  
were assumed t o  b e  0.6 and 1 . 4  t i m e s  t h e  "nominal" p r o j e c t i o n s ,  
from t h e  c a l c u l a t i o n  f o r  t h e  "nominal" p r o j e c t i o n  only  are  summarized i n  
t h e  f i r s t  numerical  column i n  Table  111. These values may b e  compared t o  
i n d i c a t e  r e l a t ive  e f f e c t i v e n e s s  of p r o j e c t e d  improvements i n  i n d i v i d u a l  
technologies  i n  reducing DOC, b u t  may n o t  be  combined o r  t o t a l e d .  
The r e s u l t s  
The l a s t  t h r e e  columns i n  Table  I11 show t h e  p o t e n t i a l  c o n t r i b u t i o n  of 
each technology parameter and each Driver t o  t h e  r e d u c t i o n  i n  t h e  DOC of t h e  
b a s e l i n e  BGT r e s u l t i n g  from t h e  p r o j e c t e d  improvements i n  a l l  t h e  Technology 
Parameters taken  t o g e t h e r .  The t o t a l  p o t e n t i a l  r e d u c t i o n s  i n  DOC f o r  t h e  
t h r e e  p r o j e c t i o n s  are s u b t r a c t e d  from t h e  b a s e l i n e  v a l u e  i n  t h e  fo l lowing  
t a b u l a t i o n  t o  y i e l d  p o t e n t i a l  DOC'S:  
Conservat ive 183.9 - 83.5 
Nominal 183.9 -129.4 
O p t i m i s t i c  183.9 -163.2 
The "nominal" technology pro  j ect  i o n ,  as an example , 
by over  70 per  c e n t .  
10 






is  seen  t o  reduce DOC 
. .  
k ar 
U 
a, a a 
a 
!a 
a h  
B O M  
n n n n n . .  0 0  . . . . . . . . . . .  
C O N  m - vr vl N a m a m a r l  N hl rl rl 
r ld  
O d  m n '4 '9 0 a l r l a m N \ o  a \D hl N 
r l r l Q r l  d rl - d r l  Z N  
W W W 
n n n 
m m h r l . m o m f i m  n h h  . .  . . . . . C O m  . . 
n n N hl QJ m e m u N d  hl N 
m m  r l r l  
W W W v W 
00 0 E O  r l r l  u r l r l  rl 
I I o o m m m \ D  I *  I CJ Ih a I 
l o \  m I I vl I h m a ) C O a N  I O  I e 
rl hl N N N  N m 































naarng an rnuirecL uperaLuig GUSL, esLimaLeu a~ LUG per  
t h e  BGT, y i e l d s  es t imated  t o t a l  ope ra t ing  c o s t s ,  TOC,  o f :  
Pro j ec t ion  
Conservat ive 
Nominal 
Op t imis t i c  




Figure 4 p r e s e n t s  i n  g r a p h i c a l  format t h e  combined e f f e c t s  d a t a  from 
t h e  "nominal" p r o j e c t i o n  of Table 111. Addi t iona l ly ,  i t  relates t h e  
p o t e n t i a l  DOC r educ t ions  t o  t h e  pe rcen t  improvement i n  t h e  Dr ive r s .  
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METHOD MODULE 1 
METHOD INTEGRATION 
METHOD MODULE 1 - METHOD INTEGRATION 
Logic 
The subsequent  modules of t h i s  six-module set  p re sen t  d a t a ,  equa t ions ,  
and procedures  t o  e s t a b l i s h  t h e  r e l a t i v e  economic v a l u e  of technology 
f a c t o r s  as an a i d  i n  planning f u t u r e  technology programs f o r  a boos t -g l ide  
t r a n s p o r t  (BGT). This module provides  the procedures ,  i n s t r u c t i o n s ,  and 
explana tory  material r equ i r ed  t o  i n i t i a t e ,  moni tor ,  and i n t e g r a t e  t h e  work 
de f ined  i n  t h e  o the r  f i v e  modules. 
I n  a l l  t h a t  fo l lows ,  i t  i s  assumed t h a t  t h e  u s e r  of t h e  o v e r a l l  method- 
ology,  g e n e r a l l y  t h e  technology p lanner ,  w i l l  have a v a i l a b l e  t o  him t h e  
services of a p p r o p r i a t e  t echno log i s t s  and system s p e c i a l i s t s ,  as r equ i r ed .  
The user,  h e r e a f t e r  c a l l e d  t h e  P r o j e c t  Off ice ,  i s  expected t o  act  as co- 
o r d i n a t o r ,  and it is recommended (although n o t  r e q u i r e d )  t h a t  h e  a l s o  
pe r sona l ly  perform t h e  c a l c u l a t i o n s  descr ibed i n  Module 6 t o  e s t a b l i s h  
t h e  re la t ive  technology va lues  f o r  t h e  b a s e l i n e  v e h i c l e  being cons idered .  
This  recommendation is  made based on explora tory  use  of t h e  methodology by 
t h e  a u t h o r s  i n  which it was found t h a t  personal  p a r t i c i p a t i o n  i n  t h e  f i n a l  
c a l c u l a t i o n s  w a s  of g r e a t  h e l p  i n  f u l l y  understanding t h e  r e s u l t s .  
The i n t e r a c t i o n  of t h e  P r o j e c t  Off ice  and t h e  f i v e  modules compris ing 
t h e  b a s i c  methodology i s  shown i n  f i g u r e  1-1. A b a s i c  f u n c t i o n  of t h e  
P r o j e c t  O f f i c e  is  t o  monitor t h e  outputs  of t h e  modules and a s s u r e  t h e  
a v a i l a b i l i t y  of r equ i r ed  inpu t  d a t a  t o  each module, This means t h a t  a l l  
module ou tpu t s  should be  reviewed by t h e  P r o j e c t  O f f i c e  p r i o r  t o  be ing  
d i s t r i b u t e d  t o  o t h e r  p a r t i c i p a n t s .  I f  the  material i s  incomplete  o r  
ques t ionab le ,  t h e  P r o j e c t  O f f i c e  must supplement o r  change t h e  d a t a  p r i o r  
t o  pass ing  it on. 
P r o j e c t  O f f i c e  should develop,  pub l i sh ,  and main ta in  a schedule  of t h e s e  
t a s k s  t o  a s s u r e  coord ina t ion  between modules and p a r t i c i p a n t s ,  S p e c i f i c  
i n s t r u c t i o n s  and recommendations f o r  achieving t h e  above goa l s  are 
presented  i n  t h i s  module. 
I n  o rde r  t o  accomplish t h e s e  t a s k s  e f f i c i e n t l y ,  t h e  
Condit ions and Q u a l i f i c a t i o n s  
Cons i s t en t  w i th  t h e  o v e r a l l  methodology and p r a c t i c e s ,  t h e  BGT base- 
l i n e  d e f i n i t i o n  method a p p l i e s  s p e c i f i c a l l y  t o  boos t -g l ide  v e h i c l e s  
u t i l i z i n g  rocke t  engines  and employing v e r t i c a l  take-off  and h o r i z o n t a l  





Condit ions must be  observed concerning t h e  technology of  t h e  BGT. F i r s t ,  
t h e  b a s e l i n e  must b e  pred ica ted  on t h e  technology level of a s p e c i f i c  b a s e  
t i m e  p e r i o d ,  
b a s e  per iod  t o  y i e l d  an improved technology level  by a s p e c i f i c  t a r g e t  t i m e  
per iod .  
values o f  technology improvements between t h e  b a s e  and t a r g e t  t i m e  p e r i o d s .  
Next, t h e  technology advances must b e  p o s t u l a t e d  beyond t h e  
Then t h e  methodology presented h e r e i n  w i l l  p r o p e r l y  show t h e  re la t ive  
Input  Data 
E f f e c t i v e  u s e  of  t h e  methodology descr ibed h e r e  i s  p r e d i c a t e d  on t h e  u s e  
of an e x i s t i n g  b a s e l i n e  boos t -g l ide  t r a n s p o r t  design.  A c o n s i s t e n t  set of 
mission,  des ign ,  and o p e r a t i o n a l  parameters must b e  s p e c i f i e d  and s u f f i c i e n t  
suppor t ing  d e t a i l  must be  a v a i l a b l e  t o  provide t h e  technology s p e c i a l i s t s  
w i t h  a d e s i g n  d e f i n i t i o n .  
t h e n  t h e  P r o j e c t  O f f i c e  must e i t h e r  arrange t o  have t h e  material generated 
o r  must e s t a b l i s h  by ground r u l e ,  t h e  values  t o  b e  used. 
I f  a n  adequate l eve l  of d e t a i l  i s  n o t  a v a i l a b l e ,  
The last  i n p u t  d a t a  requirement is t h e  P r o j e c t  O b j e c t i v e s ,  The u s e r  
must c l e a r l y  understand t h e  o b j e c t i v e  h e  i s  s t r i v i n g  f o r  so  t h a t  h e  can 
p r o p e r l y  inform and l e a d  t h o s e  h e  w i l l  ask t o  p a r t i c i p a t e ,  The o b j e c t i v e  
of t h i s  methodology is  t o  provide a q u a n t i t a t i v e  r a t i o n a l e  t o  suppor t  t h e  
planning and a l l o c a t i o n  of r e s o u r c e s  f o r  BGT technology. The r e s u l t s  of t h e  
methodology are n o t  intended t o  e v a l u a t e  t h e  economics of  boos t -g l ide  
v e h i c l e s  nor  t o  e v a l u a t e  a i r c r a f t  and o p e r a t i o n a l  procedures .  
Procedures 
This  s e c t i o n  p r e s e n t s  t h e  s p e c i f i c  procedures t o  b e  fol lowed by t h e  
P r o j e c t  O f f i c e  i n  achiev ing  t h e  o b j e c t i v e  of t h e  technology p lanning  exercise. 
Each u s e r  w i l l  f i n d  some advantage i n  modifying t h e s e  b a s i c  procedures  to more 
e x a c t l y  conform wi th  h i s  own view of t h e  o v e r a l l  technology planning problem. 
The b a s i c  procedures  are w r i t t e n  s o  t h a t  a u s e r  w i t h  no p r i o r  exper ience  i n  
t h i s  area can e a s i l y  use  t h e  methodology. F i g u r e  1-2 is  a f low c h a r t  of t h e  
v a r i o u s  s t e p s  i n  t h e  Procedures.  Each s t e p  shown i n  f i g u r e  1-2 i s  expla ined  
i n  t h e  fol lowing s u b s e c t i o n s ,  
Technological  scenar io . -  The f i r s t  s t e p  i n  t h e  procedure is  f o r  t h e  
P r o j e c t  O f f i c e  t o  prepare  a ”Technological Scenario.”  This  s c e n a r i o  is  t o  
p r e s e n t  a framework of p e r s p e c t i v e s  and condi t ions  w i t h i n  which t h e  BGT 
t e c h n o l o g i c a l  developments may b e  assumed t o  occur ,  
make t h e  technology p r o j e c t i o n s  requested i n  Module 5 w i l l  need t h i s  back- 
ground t o  p u t  t h e i r  p r o j e c t i o n s  i n  t h e  proper c o n t e x t .  An example o f  such a 
Technological  Scenario i s  given as follows: 











Technological  Scenario (Boost Glide)  
By t h e  e a r l y  ~O'S, t h e  S h u t t l e  program w i l l  have demonstrated i t s  
A h i g h l y  f avorab le  p u b l i c  and promised economics of launch and reuse. 
government r e a c t i o n  t o  t h e  a i r p l a n e - l i k e  mode of f l i g h t  i n t o  space  w i l l  
p rovide  suppor t  f o r  increased  t r a f f i c  and addi t iona l .  miss ion  a p p l i c a t i o n s .  
During t h e  mid-80's, t h e  S h u t t l e  w i l l  be f l y i n g  r o u t i n e  miss ions  t o  space ,  
and p o s t - f l i g h t  refurbishment  and pre-launch r e a d i n e s s  ope ra t ions  w i l l  g r av i -  
ta te  toward a i r l i n e - t y p e s  of p r a c t i c e s .  Technology w i l l  b e  a c c e l e r a t e d  t o  
reduce  r e c u r r i n g  and ope ra t ions  c o s t  through l o n g e r - l i f e  propuls ion  hardware 
and minimum maintenance thermal p r o t e c t i o n  systems,  
By t h e  e a r l y  ~O'S, turn-arounds wi th in  several hours  and automated pre-  
f l i g h t  checks and countdowns w i l l  be  commonplace. Add i t iona l  economics w i l l  
be  e f f e c t e d  by reducing t h e  amount and u n i t  c o s t  of t h e  expendable hardware,  
With cont inued improvements i n  materials and f l i g h t  t echno log ie s ,  t h e  p o t e n t i a  
of an economic s ingle-s tage- to-orb i t  S h u t t l e  w i l l  b e  seen  t o  be a p r a c t i c a l  
g o a l  by t h e  l a te  90's. Concurrent ly ,  t he  p o t e n t i a l  a p p l i c a t i o n  of t h e  techno- 
l o g i c a l  and o p e r a t i o n a l  s ta te -of - the-ar t  t o  a boos t -g l ide  t r a n s p o r t  (BGT) w i l l  
receive growing acceptance by t h e  government, By t h e  turn-of-the-century,  a n  
advanced S h u t t l e  w i l l  demonstrate  t h e  p r a c t i c a b i l i t y  of f l y i n g  boos t -g l ide  
miss ions  t o  any p l a c e  on t h e  e a r t h ' s  su r f ace  w i t h i n  a one hour b lock  t i m e .  
This  p o s i t i o n  w i l l  b e  augmented by t h e  a v a i l a b i l i t y  of cheap power and low- 
c o s t  p r o p e l l a n t s  made p o s s i b l e  by t h e  in t roduc t ion  of f u s i o n  energy systems. 
The m i l i t a r y  and c i v i l  t r a n s p o r t a t i o n  impl i ca t ions  of t h e  demonstrat ion w i l l  
c r e a t e  a s u r g e  of support  for a go-ahead of t h e  BGT t o  be  o p e r a t i o n a l  by t h e  
second decade of t h e  new century ,  
1 1 
P r o j e c t  schedule . -  The P r o j e c t  Schedule relates t h e  work t o  be  done t o  
t h e  t i m e  pe r iod  a l l o t t e d  and sets l i m i t s  on each i n d i v i d u a l  t a s k .  
is an example P r o j e c t  Schedule wi th  t h e  recommended t i m e  pe r iods  f o r  each t a s k  
p a r t i c u l a r  schedule  c o n s t r a i n t ,  General ly ,  t e n  t o  twelve working days w i l l  
be  r e q u i r e d  t o  complete t h e  method because of t h e  need t o  t r ansmi t  and r e c e i v e  
w r i t t e n  material between nonadjacent  groups of people .  
F igu re  1-3 
1 
~ shown, F igu re  1-3 can  b e  used as is  or  modified by t h e  P r o j e c t  O f f i c e  f o r  a 
Base l ine  BGT d e f i n i t i o n . -  As soon as  t h e  s c e n a r i o  and schedule  are avail- 
a b l e ,  t h e  P r o j e c t  O f f i c e  w i l l  i n i t i a t e  work on Module 2 ,  Base l ine  BGT Def in i -  
t i o n .  
documented, is  a v a i l a b l e .  Unless t h e  P r o j e c t  O f f i c e  is  going t o  complete 
Module 2 ,  it is  recommended t h a t  t h i s  task  be  g iven  t o  a systems a n a l y s t  as 
opposed t o  a f u n c t i o n a l  s p e c i a l i s t .  
ed quick ly  s i n c e  t h e  ou tpu t  is requ i r ed  inpu t  f o r  a l l  t h e  remaining modules, 
Informat ion  r equ i r ed  t o  i n i t i a t e  t h e  work of  Module 2 i nc ludes  i d e n t i f i c a t i o n  
of t h e  BGT des ign  t o  be t h e  s u b j e c t  of the  BGT b a s e l i n e  d e f i n i t i o n ,  i d e n t i f i -  
c a t i o n  of r e fe rence  documents from which d a t a  are t o  b e  e x t r a c t e d ,  and i d e n t i -  
f i c a t i o n  of any s p e c i a l  depth and technology emphasis d e s i r e d .  
Aga in , - i t  i s  assumed t h a t  a c o n s i s t e n t  b a s e l i n e  BGT des ign ,  w e l l  
























































































































P r o j e c t  d i r e c t i v e . -  The P r o j e c t  D i r e c t i v e  c o n t a i n s  a l l  t h e  r equ i r ed  
i n s t r u c t i o n s ,  s chedu les ,  d a t a ,  and background r equ i r ed  by t h e  p a r t i c i p a n t s  t o  
do t h e i r  j o b s .  
should b e  s t a r t e d  as soon as t h e  schedule i s  e s t a b l i s h e d .  An example P r o j e c t  
D i r e c t i v e  O u t l i n e  i s  given i n  Appendix 1-A, 
It is  t h e  major ou tpu t  of t h e  Method I n t e g r a t i o n  Module and 
The P r o j e c t  D i r e c t i v e  should be d i s t r i b u t e d  by t h e  P r o j e c t  O f f i c e  a t  a 
p r o j e c t  kick-off meeting he ld  on t h e  s i x t h  working day. The meeting would 
g i v e  a l l  t h e  p a r t i c i p a n t s  a chance t o  a sk  ques t ions  and t o  a s s u r e  schedule  
coord ina t ion .  The p a r t i c i p a n t s  must b e  chosen by t h e  P r o j e c t  O f f i c e  w i t h i n  
t h e  f i r s t  few days and should inc lude  the  a n a l y s t s  who w i l l  a c t u a l l y  complete 
t h e  modules as w e l l  as t h e  technology s p e c i a l i s t s  who w i l l  be r e s p o n s i b l e  f o r  
t h e  Technology P r o j e c t i o n s  (Module 5 ) .  
DOC equa t ions  and d r i v e r s . -  This is Module 3 which can be  i n i t i a t e d  
immediately a f t e r  t h e  kick-off meeting by g iv ing  t h e  r e s p o n s i b l e  a n a l y s t  a 
copy of Module 2 and t h e  P r o j e c t i v e  Di rec t ive .  The ou tpu t  of t h i s  module 
should be reviewed by t h e  P r o j e c t  O f f i c e  and should be  coord ina ted  wi th  t h e  
a n a l y s t  working w i t h  Module 4, Technology Parameter Equations.  
TechnologY Parameter equa t ions  * -  Module 4 can be i n i t i a t e d  immediately 
a f t e r  t h e  kick-off meeting. 
P r o j e c t  O f f i c e  and coord ina ted  wi th  Module 3 ,  
A s  b e f o r e ,  t h e  ou tpu t  should be  reviewed by t h e  
Technology p r o j e c t i o n s . -  This  i s  Module 5 and has  p o t e n t i a l l y  t h e  l o n g e s t  
t i m e  requirement.  
I f  p o s s i b l e ,  t h e  P r o j e c t  Of f i ce  should t r y  t o  g e t  t h e  i n p u t s  earlier than  
shown i n  t h e  schedule  t o  a l low some t i m e  f o r  review and p o s s i b l e  rework. 
t h e  spec ia l i s t s  involved may n o t  be i n  c lose  proximi ty  t o  t h e  P r o j e c t  O f f i c e  
so some t i m e  de lay  i n  d a t a  t r a n s m i t t a l  m u s t  be  expected. 
This  module must b e  i n i t i a t e d  immediately a f t e r  t h e  meeting, 
Also,  
R e s u l t s  and ana lyses . -  The f i n a l  module should  be completed by t h e  
P r o j e c t  O f f i c e  o r  a t  least c l o s e l y  monitored by t h e  P r o j e c t  O f f i c e .  
ou tpu t  of Module 6 is  e s s e n t i a l l y  t h e  output of t h e  methodology. 
The 
Summary 
The methodology embodied i n  t h e  s i x m o d u l e s  of t h i s  r e p o r t  can be  a 
v a l u a b l e  t o o l  when used t o g e t h e r  w i th  the  technology p l a n n e r ' s  normal d a t a  
sources .  The u s e r  i s  caut ioned ,  however, n o t  t o  u s e  t h e  r e s u l t s  t o  make 
broad g e n e r a l i z a t i o n s  about t h e  f e a s i b i l i t y  o r  economic v i a b i l i t y  of a BGT. 
The method h u s t  b e  app l i ed  j u d i c i o u s l y  and t h e  r e s u l t s  must b e  i n t e r p r e t e d  



















APPENDIX l -A 
EXAMPLE PROJECT DIRECTIVE OUTLINE 
INTRODUCTION 
This  s e c t i o n  should d i s c u s s  t h e  background and o b j e c t i v e s  of t h e  
pro j ect . 
PROJECT SCHEDULE 
Inc lude  t h e  a c t u a l  schedule  and d i scuss  t h e  key d a t e s  f o r  coord ina t ion ,  
reproduct ion ,  d i s t r i b u t i o n ,  etc.  Include a c t u a l  ca l enda r  d a t e s  on t h e  
schedule .  
TECHNOLOGICAL SCENARIO 
This  s e c t i o n  should g ive  t h e  r eade r  an understanding of t h e  p r o j e c t e d  
environment f o r  t h e  BGT and i t s  technology development, It should be  i n  
b r i e f ,  n a r r a t i v e  form as i n  t h e  example  given earlier. 
BASELINE BGT DEFINITION 
This s e c t i o n  is  t h e  output  s e c t i o n  of Module 2 ,  Base l ine  HST 
D e f i n i t i o n .  
GROUND RULES AND GUIDELINES 
This  s e c t i o n  i s  o p t i o n a l  and would inc lude  any a d d i t i o n a l  parameters  
o r  c o n s t r a i n t s  which t h e  P r o j e c t  O f f i c e  might impose. 
BIBLIOGRAPHY 
The P r o j e c t  O f f i c e  should e s t a b l i s h  a recommended b ib l iog raphy .  
I 
METHOD MODULE 2 
BASELINE BGT DEFINITION 
METHOD MODULE 2 - BASELINE BGT D E F I N I T I O N  
In t roduc t ion  
The methodology p resen ted  i n  t h i s  module f o r  d e f i n i n g  boos t -g l ide  
t r a n s p o r t  v e h i c l e  b a s e l i n e s  c l o s e l y  parallels t h a t  r epor t ed  i n  Module 2 
of r e f e r e n c e  1 f o r  d e f i n i t i o n  of hypersonic  t r a n s p o r t  v e h i c l e  b a s e l i n e s .  
I n  o r d e r  t o  f a c i l i t a t e  i ts  use ,  t h e  BGT methodology a l s o  i s  made complete-- 
combining t h e  similar p o r t i o n s  from re fe rence  1 wi th  new i t e m s  which are 
s p e c i f i c a l l y  r e l a t e d  t o  t h e  boos t -g l ide  t r a n s p o r t .  
Logic 
The re la t ive  economic payoff of technology improvements i s  dependent 
upon t h e  requirements  and c h a r a c t e r i s t i c s  of t h e  r e fe rence  BGT b a s e l i n e ,  e .g .  
- i ts  miss ion ,  conf igu ra t ion ,  des ign  f e a t u r e s  and technology s ta te -of - the-  
ar t .  
This module p r e s e n t s  a mechanism f o r  i d e n t i f y i n g  and documenting t h e  
c h a r a c t e r i s t i c s  of BGT v e h i c l e  t o  form b a s e l i n e s  f o r - u s e  i n  re la t ive  
technology v a l u a t i o n s .  
The fundamental  purpose of t h e  "Baseline BGT Def in i t ion ' '  module i s  t o  
organize  r e l e v a n t  d a t a  i n t o  a form u s e f u l  t o  the DOC and technology modules 
of t h e  o v e r a l l  procedure.  
in format ion  from p rev ious ly  o r  s e p a r a t e l y  conducted s t u d i e s .  
responds t o  ground r u l e s  and c o n s t r a i n t s  which are a p a r t  of t h e  i n i t i a l  
i n p u t  t o  t h i s  module. 
I n  accomplishing t h i s  purpose t h e  module u t i l i z e s  
The p rocess  
The l o g i c  t o  be  employed i n  t h e  d e f i n i t i o n  of BGT b a s e l i n e s  i s  shown 
schemat i ca l ly  i n  f i g u r e  2-1. 
The b a s e l i n e  d e f i n i t i o n  method is seen t o  c o n s i s t  of two major p a r t s :  
in format ion  process ing  and documentation. 
The purpose of t h e  f i r s t  p a r t ,  information process ing ,  i s  t o  form a 
complete,  c o n s i s t e n t  package of d a t a  f o r  use i n  t h e  subsequent documentation. 
Basic s t e p s  are: 
o Acqu i s i t i on  of a l l  r e l e v a n t  BGT d a t a .  
o Screening t o  l o c a t e  d a t a  app l i cab le  t o  t h e  d e f i n i t i o n .  
o C o l l a t i o n  of screened d a t a  f o r  v i s i b i l i t y  and access. 
2 -1  
t 
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The purpose of t h e  second p a r t ,  documentation, i s  t o  p r e p a r e  t h e  base- 
l i n e  BGT d e f i n i t i o n  output .  The documentation c o n s i s t s  of miss ion ,  oper- 
a t i o n s ,  performance, des ign ,  weights  and technology d a t a ,  These d a t a  
i n c l u d e  : 
o Q u a n t i t a t i v e  t a b u l a r  d a t a  f o r  u s e  i n  t h e  DOC and Technology 
Parameter equat ions ,  and technology p r o j e c t i o n s .  
o D e s c r i p t i v e  and q u a n t i t a t i v e  d a t a  t o  f u l f i l l  o t h e r  d a t a  needs 
and t o  provide a n  adequate  understanding of  t h e  Base l ine  BGT 
and i t s  technology s ta te-of- the-ar t ,  
Formats and g u i d e l i n e s  f o r  prepar ing  t h e  BGT d e f i n i t i o n  are  included i n  t h e  
o u t p u t  d a t a  s e c t i o n .  The formats  f o r  t h e  q u a n t i t a t i v e  t a b u l a r  d a t a  g i v e  
p r e c i s e l y  t h e  scope and depth  of t h a t  por t ion  of t h e  informat ion  output .  
The d e s c r i p t i v e  summary of the b a s e l i n e  i n  t h e  Demonstration s e c t i o n  is a n  
example of t h e  scope and depth suggested f o r  t h a t  p o r t i o n  of t h i s  module's 
in format ion  o u t p u t .  
Condi t ions and Q u a l i f i c a t i o n s  
C o n s i s t e n t  wi th  t h e  o v e r a l l  methodology and p r a c t i c e s ,  t h e  BGT b a s e l i n e  
d e f i n i t i o n  method a p p l i e s  s p e c i f i c a l l y  t o  hypersonic  g l i d e  a i r c r a f t  u t i l i z i n g  
main r o c k e t  engines  and employing v e r t i c a l  take-off and h o r i z o n t a l  l anding .  
Within t h e s e  l i m i t a t i o n s ,  t h e  b a s e l i n e  d e f i n i t i o n  method h a s  t h e  f l e x i -  
b i l i t y  t o  accommodate miss ion  and d e s i g n  v a r i a b l e s ,  as summarized i n  t h e  
fo l lowing  table: 
V a r i a b l e  category 
Payload 
Burnout v e l o c i t y  
Aero c o n f i g u r a t i o n  
S t r u c t u r e  
P r o p e l l a n t  t y p e  
Propuls ion  
~~ 
Major a l t e r n a t i v e s  accommodated 
Cargo, passengers  o r  combination 
Up t o  o r b i t a l  
Blended wing-body, all-body o r  wing-body 
Aluminum, t i t a n i u m  o r  o t h e r  a l l o y s ;  
i n t e g r a l  o r  non-int  e g r a l  t anks  
Liquid p r o p e l l a n t s  (L02/LH2, L02/RP, e t c . )  
and combinations 
S i n g l e  o r  d u a l - f u e l  rocke t  engines ;  
p a r a l l e l  o r  sequent ia l -burn  
A i r b r e a t h e r s  f o r  l o i t e r / l a n d i n g  ( o p t i o n a l )  
2-3 
Varia t ions  i n  payload type  p r i m a r i l y  a f f e c t  t h e  payload p r o v i s i o n s  and 
ground support  equipment. 
hypersonic  technology requirements  are impacted. 
t ives  are passenger provis ions  vs cargo handl ing  and tie-downs. 
s u p p o r t  is  o u t s i d e  t h e  scope of t h i s  d e f i n i t i o n  method, 
Nei ther  t h e  b a s e l i n e  d e f i n i t i o n  method nor  t h e  
Payload p r o v i s i o n  a l t e r n a -  
Ground 
Var ia t ions  i n  burnout v e l o c i t y  are  accommodated by t h e  method as 
demonstrated i n  t h i s  module p l u s  t h e  a d d i t i o n  of a s e p a r a t e  a t t i t u d e  
c o n t r o l  s y s t e m  and p o s s i b l y  d e o r b i t  p r o v i s i o n s  as burnout  v e l o c i t i e s  
approach o r b i t a l .  
L i f t -drag  r a t i o ,  L I D ,  i s  t h e  d e s c r i p t o r  of aerodynamic performance i n  
t h i s  method. 
are t h e  aerodynamic Technology Parameters.  All of t h e  above d e f i n i t i o n  i t e m s  
and parameters remain a p p l i c a b l e  whether t h e  c o n f i g u r a t i o n  is a blended wing- 
body, a l l  body o r  convent ional  wing-body. 
Z e r o - l i f t  d rag  c o e f f i c i e n t  'Do and induced drag  f a c t o r  'DiICL2 
The output  of t h e  s t r u c t u r e s  d e f i n i t i o n  i s  expressed i n  weight f r a c t i o n s ,  
a s s o c i a t e d  Technology Parameter v a l u e s ,  and suppor t ing  d e s c r i p t i o n s  and con- 
d i t i o n s .  Parameters i n  t h e  method, t h e r e f o r e ,  accommodate-var ia t ions i n  
materials and i n  s t r u c t u r a l  des ign  p r i m a r i l y  through t h e i r  e f f e c t s  on weights .  
A d d i t i o n a l l y ,  Technology Parameters can r e f l e c t  v a r i a t i o n s  through t h e  aggre- 
g a t e  materials p r o p e r t i e s  and des ign  f a c t o r s .  
The d e f i n i t i o n  method i s  t h e  same f o r  o t h e r  p r o p e l l a n t  combinations,  
i , e , ,  L02/RP as f o r  L02/LH2. 
t h a n  one f u e l  type  are included under "Procedures." 
I n s t r u c t i o n s  f o r  handl ing  t h e  case of more 
I n s t r u c t i o n s  f o r  handl ing  t h e  propuls ion  system v a r i a t i o n s  accompanying 
t h e  u s e  of more than one f u e l  type  a l s o  appears  under "Procedures." 
The metbod does n o t  e n v i s i o p  t&e u s e  of act ive cool ing  of t h e  s t r u c t u r e  
as f o r  t h e  HST s i n c e  t h e  p r o p e l l a n t s  which o therwise  would c o n s t i t u t e  a 
major hea t  s i n k  are expended dur ing  b o o s t ,  
Input  Data 
1 1  
AS i l l u s t r a t e d  i n  t h e  previous "Basel ine D e f i n i t i o n  Logic Diagram, 
f i g u r e  2-1, two type  of input  d a t a  are requi red  by t h i s  method module. 
One type ,  requirements  and ground r u l e s ,  i s  i n s t r u c t i o n a l ;  t h e  o t h e r ,  BGT 
d a t a ,  i s  informat iona l  . 
Requirements and ground r u l e s . -  The requirements and ground r u l e s ,  i n  
conjunct ion  w i t h  informat ion  i n  t h e  referenced document(s),  c o n s t r a i n  t h e  
process  i n  t h i s  module t o  t h e  informat ion  process ing  and documentation 
a c t i v i t i e s .  These i n s t r u c t i o n a l  items, which are rece ived  by t h i s  module 
from Module 1, s h a l l  have t h e  fo l lowing  general  con ten t :  
(1) i d e n t i f i c a t i o n  of t h e  BGT design t o  be  t h e  s u b j e c t  of t h i s  
b a s e l i n e  d e f i n i t i o n ,  
(2)  i d e n t i f i c a t i o n  of t h e  r e f e r e n c e  document(s) from which t h e  
d a t a  r equ i r ed  by t h i s  module should be  e x t r a c t e d ,  
(3) any s p e c i a l  depth and technology emphasis d e s i r e d  of d e s c r i p t i v e  
d a t a .  
A sample  requirements  and ground r u l e s  input  appears  i n  t h e  "Demonstration" 
s e c t i o n  of t h i s  module. 
BGT r e f e r e n c e  information.-  A s  noted previous ly ,  t h e  b a s e l i n e  BGT 
d e f i n i t i o n  methodology o p e r a t e s  upon e x i s t i n g  informat ion  i n  p repa r ing  t h e  
BGT t e c h n i c a l  d e f i n i t i o n  output .  
q u a n t i t a t i v e  d e f i n i t i o n  of t h e  BGT .vehic le ,  a s s o c i a t e d  Technology Parameters  
and o t h e r  q u a l i f y i n g  c h a r a c t e r i s t i c s .  
The information i s  r equ i r ed  t o  suppor t  
Input  d a t a  type  r equ i r ed  t o  suppor t  p repa ra t ion  of t h e  module ou tpu t s  
i nc lude  : miss ion ,  performance, ope ra t ions ,  aerodynamics and p ropu l s ion ,  
des ign  and s t r u c t u r e s ,  weights  and r e l a t e d  technologies .  
in format ion  c a t e g o r i e s ,  Table 2-1 l i s t s  s p e c i f i c  in format ion  i t e m s  needed 
t o  quant i fy-and  s u b j e c t s  t o  q u a l i f y  t h e  BGT b a s e l i n e  d e f i n i t i o n .  
Within t h e s e  
Procedures 
The procedures  f o r  d e f i n i n g  and descr ib ing  a b a s e l i n e  BGT are i n  two 
p a r t s ,  (1) informat ion  process ing  and (2)  documentation, c o n s i s t e n t  w i th  
t h e  l o g i c  des ign ,  f i g u r e  2-1. 
Information processinq.-  As noted earlier, t h e  purpose of t h e  i n f o r -  
mat ion process ing  ac t iv i t i e s  i s  t o  form a complete c o n s i s t e n t  package of 
r e a d i l y  r e t r i e v a b l e  d a t a  adequate  f o r  t h e  needs of t h e  subsequent documenta- 
t i o n  a c t i v i t i e s .  
Information a c q u i s i t i o n  s h a l l  p rovide  reasonable  a s su rance  t h a t  a l l  
BGT d a t a  r e l e v a n t  t o  t h e  d e s c r i p t i o n  of the  d e s i r e d  b a s e l i n e  are a v a i l a b l e  
f o r  u s e  i n  t h i s  methohology. Information screening  s h a l l  l o c a t e  those  BGT 
d a t a  w i t h i n  t h e  acqui red  d a t a  base  which support  t h e  b a s e l i n e  BGT d e f i n i t i o n  
needs,  i npu t  d a t a  requirements  
as in t roduced  i n  Table 2-1 and expanded la ter  under "Output Data." The 
degree  of c o l l a t i o n  t o  be  employed is  a t  the d i s c r e t i o n  of t h e  use r  of t h i s  
method module s i n c e  needs are dependent on t h e  d i v e r s i t y  of in format ion  
sources  encountered,  
The sc reen ing  c r i te r ia  t o  be  employed are: 
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TABLE 2-1 . -  SPECIFIC DEFINITION ITEMS REQUIRING INFORMATION BASE 
Input Information Types 
% i s s i o n  d e f i n i t i o n  
Performance characterist ics 
Operational c h a r a c t e r i s t i c s  
Vehicle c h a r a c t e r i s t i c s  
%ass p r o p e r t i e s  
Design and s t r u c t u r e s  d e s c r i p t i o n  
Technology parameters 
Typica l  D e f i n i t i o n  I t e m s  
Requir ing Information I n p u t s  
'PL' "BO' 5 
Mission p r o f i l e  
Conf igura t ion ;  g e n e r a l  arrangement 
Weight s ta tement  
wAF /GLOW 
Wing s t r u c t u r e ,  materials 
Empennage s t r u c t u r e ,  materials 
Fuselage s t r u c t u r e ,  materials 
Tankage s t r u c t u r e ,  materials 
Thermal p r o t e c t i o n  system 
Main engine system 
Air-breathing propuls ion  system 
Equipment 
Avionics 
Design f a c t o r s ,  F 
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BGT b a s e l i n e  documentation.- The procedure f o r  prepar ing  t h e  b a s e l i n e  
documentation i n c l u d e s ,  as a f i r s t  r e q u i s i t e ,  f l e x i b i l i t y  t o  accommodate 
major b a s e l i n e  v a r i a b l e s ,  Next, t h e  procedure provides  f o r  conf i rmat ion  
and/or  adjustment  of b a s e l i n e  va lues .  
t h e  f i n a l  s t e p .  
Completion of t h e  module o u t p u t s  is  
Accommodation of major v a r i a b l e s :  F l e x i b i l i t y  b u i l t  i n t o  t h e  b a s e l i n e  
d e f i n i t i o n  method f o r  accommodating mission and d e s i g n  v a r i a b l e s  has  been 
summarized under "Conditions and Qua l i f i ca t ions . ' '  Procedures f o r  accom- 
modating d u a l  f u e l s  and a s s o c i a t e d  propuls ion system v a r i a t i o n s  are included 
h e r e .  
Options w i t h i n  t h e  d u a l  f u e l s  a l t e r n a t i v e  are:  
A. S e q u e n t i a l  burn/dual-fuel  engines (engines  which burn two 
t y p e s  of f u e l  s e q u e n t i a l l y  w i t h  one o x i d i z e r )  
B. S e q u e n t i a l  burn /separa te  engines  f o r  each f u e l  
C. P a r a l l e l  burn /separa te  engines  f o r  each f u e l  
Procedures are i d e n t i f i e d  h e r e  f o r  op t ions  A and C .  Option B is  cons idered  
u n l i k e l y  because of t h e  weight and c o s t  p e n a l t i e s  a s s o c i a t e d  w i t h  n o t  u s i n g  
a l l  main engines  a t  l i f t - o f f ,  
fue l - type  sequencing,  n o t  a n  engine u s e  sequencing. 
Note t h a t  i n  o p t i o n  A ,  t h e  sequencing is  a 
The procedure f o r  i n c l u d i n g  t h e  d u a l  f u e l s  a l t e r n a t i v e  is  o u t l i n e d  us ing  
f o r  i l l u s t r a t i o n  t h e  case where both  RP and LH2 are employed. 
are common t o  s e q u e n t i a l  and p a r a l l e l  burn cases are: 
S teps  which 
1. Inc lude  RP and LH2 s e p a r a t e l y  i n  t h e  weight s ta tement .  
2 .  L i s t  t h e  mixture  r a t i o s  (MR) f o r  L02/RP and L02/LH2 s e p a r a t e l y  
i n  t h e  b a s e l i n e  d a t a  t a b l e .  
3 ,  L i s t  t h e  r a t i o  of L02/Rp p r o p e l l a n t s  used by main engines  t o  
t o t a l  onboard p r o p e l l a n t s  (KP1) and t h e  r a t i o  of L02/LH2 pro- 
p e l l a n t s  used by main engines  t o  t o t a l  onboard p r o p e l l a n t s  (KP2) 
s e p a r a t e l y  i n  t h e  b a s e l i n e  d a t a  t a b l e .  
For t h e  s e q u e n t i a l  burn case, u s i n g  dual-fuel  engines  ( A ) ,  t h e  subse- 
quent s t e p s  are: 
4 .  L i s t  main engine s p e c i f i c  impulse (I vacuum) s e p a r a t e l y  f o r  SP 
o p e r a t i o n  wi th  L02/RP and L02/LH2. 
5. L i s t  main engine t h r u s t  (vacuum) per  engine  (TME) based on 
L02/LH2 o p e r a t i o n .  
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6.  L i s t  main engine s p e c i f i c  weight (W/T) based on TME f o r  ME L02/LH2 o p e r a t i o n ,  
ME based on T GLOW 7.  L i s t  thrust-to-weight r a t i o  a t  l i f t - o f f  (T/W) f o r  L02/RP sea - l eve l  o p e r a t i o n .  
8 .  Apply t h e  b a s i c  r o c k e t  equa t ion  s e p a r a t e l y  t o  each p r o p e l l a n t  
usage s t a g e .  
I n  the  p a r a l l e l  burn case wi th  s e p a r a t e  eng ines  f o r  each f u e l  t y p e  ( C ) ,  
All engines are employed a t  l i f t - o f f  w i th  t h e  L02/RP be ing  con- 
t h e  u s e  of F-1 engines  f o r  L02/RP and S h u t t l e  main engines  f o r  L02/LH2 i s  
a n  example. 
sumed and F-1 engines  shut-down f i rs t .  
4-8 above are rep laced  by: 
For t h i s  paral le l  burn  case, s t e p s  
4 .  L i s t  main engine s p e c i f i c  impulse (I vacuum) s e p a r a t e l y  f o r  SP each engine type .  
5. L i s t  main engine  t h r u s t  (vacuum) per  engine  (T ) s e p a r a t e l y  f o r  ME each engine  type ,  
6. L i s t  main engine s p e c i f i c  weight (W/T) s e p a r a t e l y  f o r  each ME engine type .  
7. L i s t  thrust-to-weight r a t i o  a t  l i f t - o f f  ( T / W ) G ~ ~ ~  where t h e  
t h r u s t  i s  t h e  sum of t h e  t h r u s t  a t  sea-level f o r  a l l  o p e r a t i n g  
engines.  
The average s p e c i f i c  impulse f o r  p a r a l l e l  burn i s  now found from t h e  
following: 
- 
ISP  = 
When mixed p ropu l s ion  systems and p a r a l l e l  burn are employed, t h i s  is  t h e  
v a l u e  t h a t  should be  used i n  t h e  equa t ions  g iven  later f o r  range. 
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Other BGT c h a r a c t e r i s t i c s  f o r  t h e  preceding alternatives may be l i s t e d  
us ing  t h e  normal procedures i n  t h i o  method, 
Confirmation o r  adjustment of b a s e l i n e  va lues :  Th i s  s t e p  i n  t h e  
procedure inc ludes  t h e  following: 
o Check inpu t  v a l u e s ,  i nc lud ing  range, t o  a s s u r e  c o m p a t i b i l i t y  
w i th  methods f o r  l a t e r  de te rmina t ion  of p a r t i a l s  and 
s e n s i t i v i t i e s .  
o R e c o n s t i t u t e  weight s t a t emen t ,  as r equ i r ed ,  t o  suppor t  t h e  
q u a n t i f y i n g  of weight parameters.  
s t r a t i o n  s e c t i o n . )  
(See Table  2-X i n  Demon- 
o C a l c u l a t e  dependent parameters ,  as r e q u i r e d ,  e .g . ,  - weight 
f r a c t i o n s  from weight s ta tement .  
Range may be confirmed o r  a d j u s t e d  using t h e  fo l lowing  procedure.  
(Note: a l l  i n p u t s  t o  equa t ions  i n  S I  u n i t s . )  
I d e a l  v e l o c i t y ,  AVI = Isp Rn (y) 
Burnout v e l o c i t y ,  - B  
where A and B account f o r  a s c e n t  t r a j e c t o r y  l o s s e s ,  
To account f o r  t h e  e a r t h ' s  r o t a t i o n ,  t ake :  
- VBo + s i n  0 c o s 6  V F 
%O R@ 
where 
0 = azimuth (Eas t  = go", West = 270") 
8 = l a t i t u d e  (Equator = O', Pole  = 90") 
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V = 457 m/sec 
R@ 
F = 213  ...... an e m p i r i c a l  f a c t o r  
Ascent range : 
For 
n = maximum a c c e l e r a t i o n  i n  g ' s  = 2 
2 
RA = 25.47 (h) km 
C r u i s e  range: Post-boost propuls ion  provides  t h e  fo l lowing  increment:  
L I D  . 
9 km 
"BOISP '; 
('BO - O m 5  wi [ -(FYI 9806 R, = L 
This  express-Dn r e p r e s e n t s  t h e  range t h a t  would b e  t r a v e r s e d  d u r i n g  t h e  t i m e  
A t  t h a t  t h e  post-boost propuls ion  would burn a t  t h r u s t  s u f f i c i e n t  t o  s u s t a i n  
VBO, b . . . . .  c o r r e c t e d  by a f a c t o r  C. This  fac tor  c o r r e c t s  f o r  t h e  condi t ion 
where post-boost engine t h r u s t  i s  less than t h a t  requi red  t o  s u s t a i n  VBO. 
The express ion  f o r  R i s  d e r i v e d  as f o l l o w s :  C 
R = C V  A t  
C BO 





TS = thrust (average) t o  sus ta in  V 
= (9.806) (WBo - 0.5 Wi) 
L 
where 
V i o  = VBo + s i n  0 c o s 8  V 
R@ 
The cru i se  range then is  
'BO 
'C 9.806 
= -  
L/D ' - 0.5 W;I) 
r 1 
1 
Glide range: RG = K 3 2 L 1 - (vAo/vs)2 J 
For 
Re = radius of  Earth = 6371.2 km 
K = correction for  r ipp le  trajectory = 1.10 
Vs = o r b i t a l  v e l o c i t y  a t  burnout a l t i tude  
= 7833 m/sec at 91,440 m 
the g l i d e  range is  
1 
1 - (Vi0/7833) 
RG = (1.1) (3185.6) (k) [ 
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Descent and landing  range: The range  increment f o r  f i n a l  descent  and 
l and ing  approach is approximately 
%&L = 65 km (40 s. m i . )  
T o t a l  ope ra t iona l  range ,  t h e  summation of components, i s  
5 = R + RC + RG + %&L A 
Prepa ra t ion  of ou tput  d a t a  packages: The b a s e l i n e  d e f i n i t i o n  i t e m s  
and technology parameter summaries, Tables  2-11 and 2-111 i n  t h e  "Output 
Data" por t ion  of t h i s  method s h a l l  t hen  b e  completed. 
summary of t h e  b a s e l i n e  BGT s h a l l  a l s o  be  prepared  i n  accordance w i t h  t h e  
gu ide l ines  and o u t l i n e ,  Table 2-IV. The completed ou tpu t  i s  t o  be  d i s t r i b u t e d  
t o  t h e  companion modules of t h i s  o v e r a l l  procedure by t h e  P r o j e c t  Of f i ce .  
The d e s c r i p t i v e  
Output Data 
The ou tpu t  of t h e  b a s e l i n e  BGT d e f i n i t i o n  method module s h a l l  be :  
o A set  of t a b u l a r  d a t a  prepared  us ing  t h e  forms conta ined  i n  t h i s  
s e c t i o n  . 
o A summary d e s c r i p t i o n  of t h e  b a s e l i n e  prepared  i n  accordance wi th  
t h e  g u i d e l i n e s  conta ined  i n  t h i s  s e c t i o n .  
Tabular d a t a  f o r  DOC and Technology Parameter equat ions . -  Table  2-11 
p resen t s  t h e  informat ion  items and format  t o  be  employed i n  p repa r ing  t h e  
p o r t i o n  of  t h e  d e f i n i t i o n  r equ i r ed  f o r  t h e  DOC equa t ions ,  Module No. 3,  
and f o r  u se  i n  t h e  technology modules, numbers 4 and 5. S i x  of t h e  in fo r -  
mation items, i d e n t i f i e d  by a s t e r i s k s  (*) i n  Table 2-11 are de f ined  as 
Drivers of d i r e c t  ope ra t ing  c o s t .  
Tabular summary of Technology Parameters . -  Table  2-111 i d e n t i f i e s  t h e  
Technology Parameters  t h a t  relate t o  and impact t h e  DOC Drivers.  
a l s o  provides the  format t o  be  employed i n  q u a n t i f y i n g  t h e s e  Technology 
Parameters as a p a r t  of t h i s  b a s e l i n e  d e f i n i t i o n .  The t a b l e  i s  an  ou tpu t  
f o r  use i n  Module No. 4. 
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TABLE 2-111.- TECHNOLOGY PARAMETERS REQUIRED OUTPUTS FROM MODULE 2 
Technology Parameter 
Aerodynamics 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
induced drag  f a c t o r  cD, ’% 
&r e g a t  e material propert- ies  
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
Airframe d e s i g n  
d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  designed by 
buckl ing  cr i ter ia  
d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  designed by 
c r i p p l i n g  cri teria 
d e s i g n  f a c t o r  f o r  wing structure designed by 
s t i f f n e s s  cr i ter ia  
d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  designed by 
y i e l d  c r i te r ia  
d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  n o t  designed by 
primary l o a d s  
d e s i g n  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
buckl ing  cr i ter ia  
d e s i g n  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
c r i p p l i n g  cr i ter ia  
d e s i g n  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
s t i f f n e s s  cr i ter ia  
Base l ine  
Value 
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TABLE 2-111.- TECHNOLOGY PARAMETERS - REQUIRED OUTPUTS 
FROM MODULE 2 - Concluded 
Technology Parameter 
F design factor for fuselage structure designed 
F s Y  by y i e l d  c r i t e r i a  
F design factor  for fuselage structure not 
F s F  designed by primary loads 
design factor for  empennage weight FE 
design factor for  propellant system 
weight FP 
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Bas e l  ine 
Value 
TABLE 2-IV.-  DESCRIPTIVE INFORMATION SUBJECTS 
Miss i o n  
o Nature of payload 
o F l i g h t  p r o f i l e  
Performance 
o Condi t ions  i n  d e f i n i n g  r ange  
Operational-  c h a r a c t e r  i s t i c s  
o 
o Ground t i m e  a v a i l a b l e  € o r  turnaround 
F l i g h t  and b lock  t i m e s  du r ing  deprec i ab le  l i f e  
Vehic le  ch-a-r-ac teris t i c  s 
o Conf igu ra t ion  and g e n e r a l  arrangement 
o Aerodynamic c h a r a c t e r i s t i c s  
o Weight sununary 
o S t r u c t u r e  
o Thermal p r o t e c t i o n  system 
o Main engine  system 
o Air -brea th ing  propuls ion  system 
o Equipment 
o .Avionics  
o Payload p rov i s ions  
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Descr ip t ive  summary. of b a s e l i n e . -  The d e s c r i p t i v e  summary of t h e  BGT 
b a s e l i n e  is complementary t o  t h e  t a b u l a r  summaries. 
h e r e i n  f o r  p r e p a r a t i o n  of t h i s  complementary o u t p u t  o f f e r s  s u f f i c i e n t  
f l e x i b i l i t y  i n  prepar ing  informat ion  conten t  t o  accommodate s p e c i a l  areas 
of t e c h n i c a l  i n t e r e s t  w i t h i n  t h e  o v e r a l l  d e s c r i p t i v e  framework, Guide l ines  
are of  two c a t e g o r i e s :  (1) informat ion  s u b j e c t  and o r g a n i z a t i o n  g u i d e l i n e s ,  
and (2)  g u i d e l i n e s  f o r  d e s c r i b i n g  informat ion  s u b j e c t s .  
The method o u t l i n e d  
Information s u b j e c t  and o r g a n i z a t i o n  g u i d e l i n e s :  Major in format ion  
s u b j e c t s  and t h e i r  recommended o r g a n i z a t i o n  i n  t h i s  d e s c r i p t i v e  summary are 
presented  i n  Table 2-IV, The o r g a n i z a t i o n  f a c i l i t a t e s  r e l a t i o n  t o  t h e  base- 
l i n e  c h a r a c t e r i s t i c s  of Table 2-11 and Technology Parameters  i n  Table  2-111. 
Guidel ines  f o r  d e s c r i b i n g  informat ion  s u b j e c t :  Because d e s c r i p t i v e  
information needs vary  among t h e  s u b j e c t s  l i s t e d  i n  Table  2-IV, t h e  fo l lowing  
are o f f e r e d  as g e n e r a l  g u i d e l i n e s .  
o The d e s c r i p t i v e  summary should i d e n t i f y  b a s e l i n e  informat ion  
sources  used. 
o The d e s c r i p t i o n s  should summarize c o n d i t i o n s  and assumptions 
b a s i c  t o  v a l u e s  of b a s e l i n e  d e f i n i t i o n  items i n  Tables  2-11  
and 2-111.  
o The d e s c r i p t i o n s  should provide i n d i c a t o r s  of t h e  technology 
l e v e l  of t h e  b a s e l i n e  BGT. 
o The d e s c r i p t i v e  summary should b e  concise ;  in format ion  should 
be selective w i t h  r e f e r e n c e s  noted where expanded d a t a  are 
a v a i l a b l e .  
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DEMONSTRATION 
This s e c t i o n  i l l u s t r a t e s  t h e  implementation of t h e  b a s e l i n e  d e f i n i t i o n  
methodology i n  d e f i n i n g  and desc r ib ing  a BGT t e c h n i c a l  b a s e l i n e .  The base- 
l i n e  BGT ou tpu t  i n  t h i s  example is t h a t  employed as a r e fe rence  i n  t h e  over- 
a l l  procedure of which t h i s  module i s  a p a r t .  
Reqv-qirements and Ground Rules 
A s  i n d i c a t e d  i n  t h e  l o g i c  diagram, f i g u r e  2-1, i n  t h e  preceding 
"Basel ine D e f i n i t i o n  Methodology" s e c t i o n ,  t h e  BGT b a s e l i n e  d e f i n i t i o n  
a c t i v i t y  is  i n i t i a t e d  upon r e c e i p t  of a s e t  of  requirements  and ground r u l e s  
from Method Module 1. 
Basic requirements  and ground r u l e s  f o r  t h i s  demonstrat ion are p resen ted  
i n  Table 2-V. 
Because a s u i t a b l e  BGT b a s e l i n e  was not  a v a i l a b l e  from t h e  l i t e r a t u r e ,  
t h e s e  ground r u l e s  r equ i r ed  t h e  s e p a r a t e  gene ra t ion  of a BGT b a s e l i n e .  The 
b a s e l i n e  gene ra t ion  methodology employed is o u t s i d e  t h e  scope of t h i s  method 
module and i s  no t  r epor t ed  he re in .  This demonstrat ion,  t h e r e f o r e ,  summarizes 
BGT d a t a  supp l i ed  by t h e  b a s e l i n e  genera t ion  a c t i v i t y  f o r  use  i n  t h e  o v e r a l l  
procedure.  
Information Process ing  and Documentation 
Upon completion of p r i o r  s t e p s  i n  the informat ion  d e f i n i t i o n  p r o c e s s ,  
conf i rmat ion  o r  adjustment  of b a s e l i n e  values  i s  performed. A s  a last  s t e p ,  
o p e r a t i o n a l  range is c a l c u l a t e d .  Burnout v e l o c i t y  is  c a l c u l a t e d  from t h e  
formula , 
where A and B account f o r  a scen t  t r a j e c t o r y  l o s s e s .  
4560 1 814 400 - 1389 ( 287 100) - 'BO - 1.064 
= 6520 m/sec (21,391 f t / s e c )  
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TABLE 2-V.- BASELINE BGT REQUIREMENTS AND GROUND RULES 
Mission and opera t - iqna l  requiremen-ts 
Payload of approximately 18 100 kg (40  000 l b )  a n  o b j e c t i v e  
Semi-global (an t i -podal )  range  an  o b j e c t i v e  
Opera t iona l  t i m e  per iod:  Post-2000 
Opera t iona l  l oad  f a c t o r  of 60 pe rcen t  
Airframe d e p r e c i a b l e  l i f e  of 1 0  y e a r s  
F l i g h t  requirements 
V e r t i c a l  t ake-of f ,  h o r i z o n t a l  l and ing  
VTO t o  s a f e  f l i g h t  cond i t ions  (no expendable hardware) 
2g a c c e l e r a t i o n  l i m i t  
Near-equilibrium g l i d e  p r o f i l e  
L o i t e r  range  of 278 km (173  s -  m i * )  
Veh ic l e  
Gross l i f t - o f f  weight of about 1 8 1 4  000 kg ( 4  000 000 l b )  
Airframe (wing, empennage and body) of aluminum a l l o y  
Airframe u n i t  weights:  25  pe rcen t  improvement from S h u t t l e  
P rope l l an t s :  LO2 and LH2 a t  mixture  r a t i o  of 6.0 
Prope l l an t  tanks  : aluminum a l l o y  
P rope l l an t  tank  weights based on S h u t t l e  e x t e r n a l  t ank  
Ful ly  r e u s a b l e  TPS r e p l a c e a b l e  a f t e r  500 f l i g h t s  
TPS u n i t  weights  t o  be  developed from S h u t t l e  d a t a  
Crew and payload p r o v i s i o n s  weights  t o  be  developed from HST d a t a ,  
r e f e rence  1 
Pro p u l  s ion 
Main engines:  sea-level t h r u s t  of 1 856 000 N (417 300 l b )  
Vacuum s p e c i f i c  impulse of 4560 N-sec/kg (465 ( l b  - s e c ) / l b  ) f m LH2-fueled t u r b o j e t s  s i z e d  f o r  l o i t e r / c r u i s e  
"Bolt-on" t u r b o j e t  modules f o r  f e r r y  p e r  S h u t t l e  phase B '  
Tec 
I_ 
inology state-of-the-art .  
Advanced pos t -Shu t t l e  technology; n a t u r a l  follow-on t o  S h u t t l e  
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V i o ,  c a l c u l a t e d  f o r  a due-East launch a t  the equator  u s ing  t h e  formula,  
+ s i n  8 cos  8 V F 
"A0 = 'BO R@ 
is  
VAo = 6520 + (1) (1) 457 ( 2 / 3 )  
= 6825 m/sec (22  391 f t / s e c )  
and 
= 6977 m/sec (22  900 f t / s e c )  %O 
Ascent range,  c a l c u l a t e d  from t h e  formula 
2 
RA = 25.47 (k) 
is 
2 
RA = 25.47 (-) 1083 km (673  s.  mi.) 
I 
The c r u i s e  range  component con t r ibu ted  by post-boost p ropu l s ion ,  c a l c u l a t e d  
by t h e  formula,  
RC - 'BO'SP 9806 (WBo w; - 0.5 Vi) [: - 1 $ ) 2 ]  ' 
is  
( 2 8 7  130 - 3855 
0.86 (6520)  4560 
9806 RC = 
3 
-1 - (%)q 
= 1 0 3 1  km ( 6 4 1  s .  m i . )  
Basic g l i d e  range, c a l c u l a t e d  from t h e  formula, 
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is  
= K 3185.6 (i) Iln 1 1 
1 - (VA0/7833)2 RG 
1 RG = K 3185.6 (3) Rn [ 1 - (6825/7833)2] 
= K 1 3  646 km (8479 s .  mi.) 
This  range i n c r e a s e s  by about 10% i f  a r i p p l e  t r a j e c t o r y  i s  used (K = 1.10):  
= 15 011 km (9328 s .  mi.)  RG 
The range increment f o r  f i n a l  descent  and landing  i s  
%sL = 65 km (40 s. mi.) 
T o t a l  ope ra t iona l  range from 
R T = R  + R C + R  G + %&L 
A 
i s  
% = 1083 + 1031 + 15 011 + 65 = 1 7  190 km (10 680 s .  mi.) 
Upon completion of t h i s  las t  s t e p  i n  t h e  b a s e l i n e  i d e n t i f i c a t i o n  
p rocess ,  a f u l l  in format ion  package i s  a v a i l a b l e  f o r  u se  i n  p repa r ing  t h e  
r equ i r ed  BGT documentation. 
Tabular  Documentation of Base l ine  
Quan t i t a t ive  BGT d a t a  f o r  DOC and Technology Parameter equat ions . -  Table  
2-VI p re sen t s  t h e  q u a n t i t a t i v e  c h a r a c t e r i s t i c s  of t h e  b a s e l i n e  BGT as requ i r ed  
by t h e  terms w i t h i n  t h e  Technology Parameter and DOC equa t ions  ( inc lud ing  t h e  
DOC Dr ive r s ) ,  The format i s  t h a t  s p e c i f i e d  by Table 2-11 i n  t h e  "Methodology" 
sect  ion .  
Technology Parameters.- Table 2 - V I 1  p r e s e n t s  t h e  b a s e l i n e  v a l u e s  f o r  t h e  
Technology Parameters u s ing  t h e  format from Table  2-111 of t h e  "Methodology" 
sect  i o n ,  
2-22 
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z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
c /CL2 induced d rag  f a c t o r  
Di 
Aggr epat e material. p r o p e r t i e s  
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
Airframe d e s i g n  
F d e s i g n  f a c t o r  for wing s t r u c t u r e  
designed by buckl ing  c r i t e r i a  w, €3 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by c r i p p l i n g  c r i t e r i a  w, c 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
'b designed by s t i f f n e s s  c r i t e r i a  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
w,y designed by y i e l d  c r i t e r i a  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  no t  
designed by primary loads  w, F 
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  
b B  designed by buckl ing  criteria 
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  
designed by c r i p p l i n g  c r i t e r i a  F, c 
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  
F, s des igned  by s t i f f n e s s  c r i t e r i a  














( a )  - Values t o  b e  developed i n  Module 4 ,  "Technology Parameter Equations." 
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TABLE 2 - V I 1 . -  TECHNOLOGY PARAMETERS - Concluded 
Technology Parameter 
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  
F,Y designed by y i e l d  c r i te r ia  
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  
F,F n o t  designed by primary loads  
des ign  f a c t o r  f o r  empennage weight FE 
FP des ign  f a c t o r  f o r  p r o p e l l a n t  system weight 








Desc r ip t ive  Summary of Base l ine  
This  d e s c r i p t i v e  summary of t h e  b a s e l i n e  BGT fo l lows  t h e  o u t l i n e  i n  
Table  2-IV and responds t o  t h e  a s soc ia t ed  g u i d e l i n e s  g iven  i n  t h e  "Methodology" 
s e c t i o n .  
Table  2 - V I I I .  
I 
Summary c h a r a c t e r i s t i c s  of th is  b a s e l i n e  BGT are p resen ted  i n  
Mission.- The mission of t h e  b a s e l i n e  BGT i s  t o  t r a n s p o r t  payloads i of 19 050 kg (42 000 l b )  t o  d e s t i n a t i o n s  corresponding i n  range t o  
1 7  190 km (10 680 s.  mi.). I The BGT i s  t o  o p e r a t e  r o u t i n e l y  and s a f e l y  as a 
, commercial t r a n s p o r t  a i r c r a f t  over  i n t e r n a t i o n a l  r o u t e s .  
The BGT i s  t o  have t h e  f l e x i b i l i t y  of c a r r y i n g  e i t h e r  passengers  o r  
I cargo ,  w i th  payload-pecul iar  modi f ica t ions  being l i m i t e d  t o  t h e  payload 
compartment and payload p rov i s ions .  
c e n t s  p e r  ton-mile.  The procedure f o r  conver t ing  t o  c e n t s  p e r  passenger- 
m i l e  i s  a l s o  given i n  Module 3. 
The bas ic  economic a n a l y s i s  i n  Module 
I 3 assumes a cargo payload, and d i r e c t  ope ra t ing  c o s t s  are expressed i n  
The f l i g h t  p r o f i l e  f o r  t h e  b a s e l i n e  mission i s  shown i n  f i g u r e  2-2. 
Following v e r t i c a l  launch,  t he  g l i d e  veh ic l e  i s  a c c e l e r a t e d  t o  i t s  maximum 
v e l o c i t y  a t  a main engine burnout a l t i t u d e  of 67 0 6 0  m (220  000 f t ) .  
(and cruise)  path  is  def ined  as t h a t  por t ion  of t h e  f l i g h t  pa th  a long  which 
t h e  v e h i c l e  d e c e l e r a t e s  from amin engine  burnout c o n d i t i o n s  t o  a g l i d e  
v e l o c i t y  of 366  m/sec (1200 f t / s e c ) .  
pa th  is  t h a t  t r a v e r s e d  du r ing  t h e  f i n a l  descent  and landing  approach. 
The a scen t  phase c o n t r i b u t e s  about 6 .4  per  cent of t h e  range,  t h e  g l i d e  
(and c r u i s e )  phases  cover about 93 .2  p e r  cen t ,  and t h e  f i n a l  descen t  and 
l and ing  approach about 0.4 per  c e n t  of t h e  t o t a l  range.  
The g l i d e  
The t e rmina l  segment of t h e  f l i g h t  
T o t a l  f l i g h t  t i m e  i s  1 . 4 0  hours  f o r  t he  b a s e l i n e  mission.  Allowing 
0.10 hours  f o r  ground-taxi a f t e r  touch-down y i e l d s  a t o t a l  mission t i m e  
of 2.5 hours .  
Performance.- BGT performance i s  summarized i n  t h e  f l i g h t  p r o f i l e ,  
f i g u r e  2-2, and i n  t h e  conf i rmat ion  of range on pages 2-18, 2-20, and 
2-21. 
i n  t h e  conf i rmat ion .  
t o  t h e  performance d e f i n i t i o n  are summaried i n  t h e  fo l lowing  l i s t i n g :  
Shor t  ver t ical  boos t  phase followed by programed pitchdown 
maneuver. 
Primary inpu t  va lues  upon which the  performance i s  based appear  
Other cond i t ions  and/or assumptions which c o n t r i b u t e  
Sequen t i a l  engine t h r o t t l i n g  and shutdown t o  hold l i m i t  a c c e l e r a t i o n  
t o  2g. 
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TABLE 2-VII1.- BASELINE BGT SUMMARY CHARACTERISTICS 
l i s s i o n  and o p e r a t i o n s  
Payload weight . . . . . . . . . . . . . . . . . .  19 050 kg (42 000 l b )  
Payload volume . . . . . . . . . . . . . . . . . . .  549 m3 (19 400 f t 3 )  
Passenger seats. . . . . . . . . . . . . . . . . . . . . . . . . . .  .195 
T o t a l  range f o r  due-East launch . . . . . . .  .17 190 km (10 680 s. mi.)  
Block t i m e .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 h r  
F l i g h t  c y c l e s  dur ing  d e p r e c i a b l e  l i f e  . . . . . . . . . . . . . . .  7143 
l e h i c l  e 
Aerodynamic conf igura t ion :  double-del ta ,  low-wing blended w i t h  f l a t  
underside of modif ied,  e l l i p t i c a l ,  homothetic body; e levons  p l u s  
canard f o r  subsonic  only;  s i n g l e  ve r t i ca l  wi th  s p l i t  rudder/speed 
brake.  
General  arrangement: hybrid i n t e g r a l  LH2 m u l t i c e l l  t a n k  forward; LO2 
m u l t i c e l l  t ank  i n t e g r a t e d  wi th  wing carry- through and " m u l t i c e l l "  pay- 
l o a d  compartment; p ropuls ion  s e c t i o n  a f t .  
Main engines:  twelve main engines  improved from S h u t t l e  O r b i t e r  
Post-ascent engines:  two Space Tug-type engines  
L o i t e r / l a n d i n g  engines:  f o u r  hydrogen-fueled nonaugmented t u r b o j e t s  
3esign and s t r u c t u r e s  
Wing : 
V e r t i c a l  t a i l :  thermally p r o t e c t e d  aluminum a l l o y  
Fuselage: thermally p r o t e c t e d  aluminum a l l o y  
P r o p e l l a n t  tanks :  aluminum a l l o y  m u l t i c e l l  t anks  i n t e g r a t e d  wi th  
Thermal p r o t e c t i o n  system: 
thermal ly  pro tec ted  aluminum a l l o y  m u l t i s p a r  
fuse lage  and carry-through i n  a hybr id  c o n f i g u r a t i o n  
i n s u l a t i o n ;  r e i n f o r c e d  carbon-carbon i n  wing l e a d i n g  edge and 
body nose cap 
Propuls ion s e c t i o n :  l igh t ly- loaded  e x t e r n a l  s t r u c t u r e ;  l a r g e  access 
panels ;  swing-out i n l e t s  f o r  t u r b o j e t  engines  
ceramic and e l a s t o m e r i c  r e u s a b l e  s u r f a c e  
J e i g h t  
Gross take-off weight .  . . . . . . . . . . .  .I 814 400 kg (4 000 000 l b )  
Landing weight . . . . . . . . . . . . . . . . .  277 610 kg (612 000 l b )  
























Note: Inc ludes  l o i t e r  opt ion:  24.5 minutes 
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Figure  2-2 .- F l i g h t  P r o f i l e  
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Main engine burnout a t  zero  f l i g h t  p a t h  a n g l e  and a t  a l t i t u d e  
f o r  commencement of g l i d e  (or c r u i s e ) ,  
Propel lan t  mass f r a c t i o n  of 0.8352 u s a b l e  by main e n g i n e s ,  
P r o p e l l a n t  mass f r a c t i o n  of 0.02685 (based on W ) u s a b l e  by 
post-ascent  engines .  
Hypersonic l i f t - d r a g  r a t i o  of 3.0 assumed t o  be  c o n s t a n t  through- 
o u t  g l i d e  descent .  
Subsonic l i f t - d r a g  r a t i o  of about  5.0. 
Opera t iona l  c h a r a c t e r i s t i c s . -  F a c t o r s  which d e f i n e  BGT u t i l i z a t i o n  
BO 
are summarized i n  t h e  fol lowing t a b u l a t i o n .  
Time of f l i g h t ,  tF = 1 . 4  h r  
Block t i m e  , tB = 1.5  h r  
Average u t i l i z a t i o n ,  U = 1000 f l i g h t  h r / y r  
Depreciable l i f e ,  L = 10 y r  
U t i l i z a t i o n  dur ing  d e p r e c i a b l e  l i f e  = 10 000 f l i g h t  h r  
d 
= 10 714 block h r  
Non-ut i l iza t ion  dur ing  d e p r e c i a b l e  l i f e  = 76 886 h r  
F l i g h t  c y c l e s  dur ing  d e p r e c i a b l e  l i f e  = 7143 
Tota l  number of seats = 200 
Number of passenger  seats = 195 
Average load  f a c t o r  = 0 .60  
Configurat ion and g e n e r a l  arrangement.- The g e n e r a l  arrangement of t h e  
b a s e l i n e  BGT is  shown i n  f i g u r e  2-3. 
Body: The b a s e l i n e  design employs a homothetic (constant  c ross -  
s e c t i o n a l  shape)  body. 
LRC from a b a s i c  c ross -sec t ion  having a n  e l i p t i c i t y  of 2 . 0 .  
of a f l a t  undersur face  and inward s l o p i n g  s i d e  s u r f a c e s  y i e l d s  f a v o r a b l e  
hypersonic  l i f t - d r a g  c h a r a c t e r i s t i c s  and reduces h e a t  l o a d s  on t h e  s i d e  
s u r f a c e s ,  A high-f ineness  r a t i o  nose (0 .833 t i m e s  body l e n g t h )  c o n t r i b u t e s  


















t o  t h e  at ta inment  of a hypersonic  l i f t - d r a g  r a t i o  of 3.0. Nose camber 
improves hypersonic p i t c h  t r i m .  
Wing: The double d e l t a  wing planform w a s  s e l e c t e d  based on S h u t t l e  
phase C f i n d i n g s .  B a s i c a l l y ,  t h e  double d e l t a  (1) extends  t h e  u s e f u l  
a n g l e  of a t t a c k  range,  i . e .  - postpones s t a l l ,  (2) l i n e a r i z e s  t h e  p i t c h i n g  
moment c h a r a c t e r i s t i c  a t  low speed, ( 3 )  a l s o  reduces t h e  s h i f t  of t h e  aero- 
dynamic c e n t e r  wi th  Mach number, and ( 4 )  f u r t h e r  s h i e l d s  t h e  s i d e s  of t h e  
f u s e l a g e  from high  h e a t i n g .  The planform of  t h e  b a s i c  wing (neglec t ing  
t h e  forward glove)  has  a n  a s p e c t  r a t i o  of 2.265 and t a p e r  r a t i o  of 0.2 
as does the S h u t t l e .  Full-span elevons are t h e  primary aerodynamic means 
of developing p i t c h  and r o l l  c o n t r o l  f o r c e s .  
Canard s u r f a c e :  A canard c o n t r o l  s u r f a c e ,  which is stowed f l u s h  w i t h  
t h e  forward body s i d e  s u r f a c e  dur ing  hypersonic  and s u p e r s o n i c  f l i g h t ,  i s  
deployed a s  a c o n t r o l  and l i f t  augmentation d e v i c e  f o r  subsonic  f l i g h t  on ly .  
The canard c o n t r o l  s u r f a c e  can i n c r e a s e  elevons e f f e c t i v e n e s s  by reducing 
t h e  BGT s t a b i l i t y  margin when deployed. 
e levons  by provid ing  c o n t r o l  f o r c e s  on a long  moment a r m  i n  t h e  d i r e c t i o n  
of d e s i r e d  response.  
The canard a l s o  augments t h e  
Vertical t a i l :  The s i n g l e  ve r t i ca l  t a i l  arrangement i s  adapted from 
S h u t t l e .  A s p l i t  rudder  provides  d i r e c t i o n a l  s t a b i l i t y  augmentation i n  
t h e  supersonic  f l i g h t  regime and drag  modulation f o r  t h e  s u b s o n i c f l i g h t  
phases ,  approach and landing .  
I n t e r i o r  arrangement:  The arrangement of t h e  LH2 and LO2 tanks  and 
payload compartment provides  a f u s e l a g e  packaging e f f i c i e n c y  of 0.734 
excluding propuls ion  and crew Compartment. This i s  achieved i n  p a r t  by t h e  
use  of m u l t i c e l l  t a n k s ,  i n  p a r t  by t h e  use  of a hybr id  i n t e g r a l  t a n k  
s t r u c t u r e  and i n  p a r t  by t h e  i n t e g r a t i o n  of t h e  LO2 tank  w i t h  t h e  wing 
c a r r y  through, and t h e  a d j a c e n t  l o c a t i o n  of t h e  payload compartment. A s  
shown i n  f i g u r e  2-2, t h e  l a r g e  LH2 tank  is of 3-cell c o n s t r u c t i o n ;  bo th  t h e  
LO2 tank and payload compartments u t i l i z e  5 ce l l s .  The payload compartment 
i s  loca ted  c l o s e  t o  t h e  v e h i c l e  c e n t e r  of g r a v i t y  t o  minimize t h e  e f f e c t s  
of  payload v a r i a t i o n s  on c .g .  and t r i m .  
Propuls ion:  The BGT boos t  propuls ion  employs 12  main engines  which 
are der ived from t h e  S h u t t l e  o r b i t e r  main engines .  Two small space  tug- 
type  engines are employed during t h e  pos t -ascent  p e r i o d  f o r  c o n t r o l  augmen- 
t a t i o n  and range ex tens ion .  Four i n t e g r a l  hydrogen-burning a i r b r e a t h e r s  are 
used f o r  idle-mode d e s c e n t ,  f i n a l  approach and landing .  S u f f i c i e n t  f u e l  is  
c a r r i e d  t o  provide a 1 7 3  s .  m i .  l o i t e r  c a p a b i l i t y  a t  t h e  end of t h e  miss ion  
t o  accommodate dklays  i n  landing  o r  t o  permit  t h e  u s e  of a l t e r n a t e  f i e l d s .  
Through t h e  modular a d d i t i o n  of nacelle-mounted a i r b r e a t h e r s ,  a s e l f - f e r r y  
c a p a b i l i t y  a l s o  i s  'provided. 
Conf igura t ion  d a t a :  Se lec ted  d a t a  which summarize t h e  geometr ical  
c h a r a c t e r i s t i c s  of t h e  b a s e l i n e  BGT are presented i n  Table  2-IX. 
Aerodynamic c h a r a c t e r i s t i c s . -  Aerodynamic c h a r a c t e r i s t i c s  of t h e  base- 
l i n e  BGT are based on a r e f e r e n c e  wing a r e a  of 1115 m2 (12 000 f t 2 ) ,  
is  t h e  planform area of t h e  b a s i c  wing inc luding  t h a t  p o r t i o n  covered by 
t h e , f u s e l a g e  and excluding t h e  forward d e l t a ,  
This  
For maximum range,  t h e  BGT w i l l  g l i d e  a t  maximum l i f t - d r a g  r a t i o .  Key 




C / C L 2  = 1.62 
Di 
a = 10" 
= 0.133 cL 
= 0.0436 cD 
L/D = 3.0 
Reference wing loading  a t  landing  i s  277 600 kg/1115 m2 o r  249 kg/m2 
(51 l b / f t 2 ) ,  Landing speed i s  approximately 267 h / h r  (166 s .  mi./hr , ) .  
Mass p r o p e r t i e s  summary, Estimated weights of  t h e  b a s e l i n e  BGT are 
summarized i n  Table  2-X. 
t h e  b a s i s  f o r  d e r i v a t i o n  of t h e  weight f r a c t i o n s  f o r  u s e  i n  Module 3 and 
weight parameters  f o r  Module 4 .  
The weight  estimates summarized i n  t h e  t a b l e  are  
The primary s t r u c t u r a l  and subsystems weights  f o r  t h e  boos t -g l ide  t r a n s -  
p o r t  (BGT) are es t imated  t o  b e  r e p r e s e n t a t i v e  f o r  t h e  1990-2000 t i m e  per iod .  
I n  p r e d i c t i n g  BGT weights  u s i n g  t h e  c u r r e n t  S2ace S h u t t l e  O r b i t e r  weight 
s ta tement  as a r e f e r e n c e ,  s e l e c t e d  weight improvements a s s o c i a t e d  wi th  t h i s  
la ter  t i m e  per iod  are incorpora ted .  
A major r e d u c t i o n  i n  t h e  u n i t  weights  of t h e  primary s t r u c t u r e  r e l a t i v e  
t o  S h u t t l e  convent iona l  materials and design i s  p o t e n t i a l l y  a c h i e v a b l e  w i t h  
advance materials and composites,  Therefore,  t h e  BGT u n i t  weights  f o r  t h e  
wing, t a i l ,  moveable s u r f a c e s  and body, inc luding  carry-through and t h r u s t  
s t r u c t u r e ,  are p r e d i c t e d  as 25 per  c e n t  less t h a n  S h u t t l e  O r b i t e r  u n i t  
weights .  
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TABLE 2-IX.- BGT CONFIGURATION DATA 
Body 
Length 
H a l f  -width 
Height 
LH2 tank volume 
LO2 tank  volume 
Payload compartment volume 
Fuselage t o t a l  volume 
Wing 
Reference area 
Exposed area less fwd d e l t a  
Exposed area wi th  fwd d e l t a  
Aspect r a t i o  
Taper r a t i o  
Root chord 
Tip chord 
Exposed r o o t  chord 
Mean aerodynamic chord 
Wing span 
Exposed s t r u c t u r a l  semi-span 
Leading edge sweep 
T r a i l i n g  edge sweep 
Elevon hinge l i n e  sweep 
Elevon a r e a  





Leading edge sweep 
Rudder a r e a  
Canard ( a l l  movable) 
Exposed area 
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300 f t  
30 f t  
26.6 f t  
120 300 f t 3  
42 170 f t 3  
1 9  400 f t 3  
247 700 f t 3  
1 2  000 f t 2  
5780 f t 2  
6565 f t 2  
121.3 f t  
24.3 f t  
86.0 f t  
72.8 f t  
164.8 f t  
52.4 f t  
1170 f t 2  
1311 f t 2  
43.0 f t  
19.5 f t  
48.0 f t  
329 f t 2  
360 f t 2  
TABLE 2-X.- BGT WEIGHT SUMMARY 
b 
I t e m  
wS S t r u c t u r e  
Wing 
V e r t i c a l  t a i l  
Canard 
Body 
P r o p e l l a n t  tanks  
P r o p e l l a n t  t ank  i n s u l a t i o n  
Eq 
Post-ascent  engine and system 
P r o p e l l a n t  system 
Landing gear  
Surface  c o n t r o l s  
Power and d i s t r i b u t i o n  
Hydraul ics  
Environmental c o n t r o l  
Equipment, W 
Thermal p r o t e c t  i o n  s y s  tern, WTps 
Wing 
V e r t i c a l  t a i l  
Body 
'ME Main engine and a c c e s s o r i e s ,  
Ai r -brea th ing  propuls ion  system, 
Avionics  





ABPS f u e l  

























(35  730)  
(12 070)  
(1 860)  
( 4  580)  
(17  730)  
(243  600)  
( 6 3 0 )  
( 1 9  050)  
( 7  620)  
( 6  710)  
(277 610)  
lb 












1 6  100 
6 480 
2 260 
(52  190) 
1 9  680 
3 330 
29 180 
( 7 8  7 6 0 )  
(26  600)  
( 4  100) 
(10 100) 
(39  100) 
(537 000) 
~ 
(1 400)  
( 4 2  000) 
(16 800)  
(14  800)  
(612  000)  
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TABLE 2-X.- BGT WEIGHT SUMMARY - Concluded 
I t e m  
Post-ascent propuls ion  and supplementary 
ACS p r o p e l l a n t s  
Glide-phase l o s s e s  
Weight 
kg lb 
(7 710) (17 000)  
(1 810) ( 4  000) 
~~~~~ ~~ ~~ ~~ ~ 
BEG IN-GLIDE WEIGHT (287 130) 
Reserve f l u i d s  (5  220) 
Ascent-phase l o s s e s  ( 6  580) 
Useful main engine  p r o p e l l a n t s  (1 515 470) 





( 3  3 4 1  000) 
( 4  000 000) 
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The u n i t  weights  f o r  the BGT p r o p e l l a n t  tanks and fog the thermal 
p r o t e c t i o n  system are a l s o  developed from c u r r e n t  S h u t t l e  estimates. 
Weight r e d u c t i o n s  are n o t  p r o j e c t e d  f o r  t hese  elements  i n  t h i s  b a s e l i n e ,  
however. 
Bases f o r  weight estimates f o r  major s t r u c t u r a l  e lements  are reviewed 
i n  conjunct ion  w i t h  s t r u c t u r a l  des ign  summary d e s c r i p t i o n s  i n  t h e  fo l lowing  
s e c t i o n s .  
Res idua l  p r o p e l l a n t  weight estimates are based on p r o j e c t e d  r e d u c t i o n s  
i n  both  gaseous and l i q u i d  r e s i d u a l s .  
t o  w a r m  p r e s s u r a n t  gases  i n  conjunct ion  with s e q u e n t i a l  emptying of t h e  
m u l t i c e l l  t a n k s ,  t h e  gaseous hydrogen and oxygen r e s i d u a l s  are es t imated  
t o  b e  reduced t o  about  2860 kg (6300 l b ) .  
t h r u s t  pos t -ascent  propuls ion ,  l i q u i d  r e s i d u a l s  are es t imated  t o  b e  
reduced t o  3850 kg (8500 l b )  f o r  a t o t a l  of 6710 kg (14 800 l b )  of r e s i d u a l s .  
Through t h e  use  of h e a t  exchangers 
Through t h e  employment of low- 
The 7710 kg (17 000 l b )  of p r o p e l l a n t s  f o r  post-ascent  propul.sion 
r e p r e s e n t  0 .5  p e r  cen t  of t h e  t o t a l  rocke t  engine p r o p e l l a n t s .  These pro- 
p e l l a n t s  o t h e r w i s e  would have been r e s i d u a l s  i n  t h e  m u l t i c e l l  t a n k s ,  f e e d  
l i n e s  and i n  t h e  main engines  (about 30 per c e n t  i n  t h e  main engines  a l o n e ) .  
Wing s t r u c t u r e . -  The primary s t r u c t u r e  of  t h e  wing, l i k e  t h e  BGT a i r -  
p lane ,  is  of aluminum a l l o y .  
e x t e r n a l  thermal  environment by a reuseable  s u r f a c e  i n s u l a t i o n  d e r i v e d  from 
t h a t  be ing  developed f o r  t h e  S h u t t l e  Orb i t e r .  
The primary s t r u c t u r e  is  p r o t e c t e d  from t h e  
The wing h a s  a modified NASA XXXX-64 a i r f o i l  s e c t i o n .  Thickness r a t i o  
of t h e  b a s i c  wing (excluding t h e  forward d e l t a )  i n c r e a s e s  from 8 p e r  c e n t  
a t  t h e  exposed r o o t  t o  10 p e r  c e n t  a t  t h e  t i p  chord. 
50 p e r  c e n t  a t  t h e  b a s i c  exposed r o o t  chord. 
The torque  box width i s  
Skin and s t r i n g e r  covers ,  and web and t r u s s  s p a r s  make up t h e  wing 
primary s t r u c t u r e ,  
of aluminum a l l o y  machined caps  which are r i v e t e d  t o  cor rega ted  webs, 
o u t e r  cover  s k i n s  are s t i f f e n e d  w i t h  r i v e t e d  h a t  s e c t i o n s .  The s k i n s  are 
segmented f o r  c r a c k  s toppage,  
employing honeycomb covers .  Sea l ing  of t he  elevon-wing gap p r e v e n t s  c r o s s -  
flow. 
The wing main s p a r s  and h i g h l y  loaded r i b s  are b u i l t  up 
The 
Elevons a r e  of two-piece aluminum c o n s t r u c t i o n  
Based on a c o r r e l a t i o n  of t o r q u e  box, l e a d i n g  and t r a i l i n g  edges,  
secondary s t r u c t u r e  and c o n t r o l  s u r f a c e s ,  t h e  u n i t  weight of t h e  BGT wing 
i s  es t imated  a t  27.0 kg/rn2 (5.52 l b / f t 2 )  of exposed p l a n  area, 
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V e r t i c a l  ta-il s t ru . c tu re , -  The ver t ica l  t a i l  c o n s i s t s  of a f i x e d  f i n  and 
s p l i t  rudder/speed b r a k e ,  
n e u t r a l  p o s i t i o n  forms a 10" symmetrical  wedge. Below Mach 0.6,  t h e  c r o s s -  
s e c t i o n  is a 6 0 / 4 0  double-wedge a i r f o i l .  
pane l  elements a re  b u i l t  up of  aluminum s k i n s  over  m i l l e d  s p a r s .  
i s  25 per  cent of t h e  t a i l  planform area, 
based on a p l a n  area of 121.8 m2 (1311 f t 2 )  i s  29.1 kg/m2 (5.97 l b / f t 2 ) .  
A t  v e l o c i t i e s  above Mach 0.6 t h e  s p l i t  r u d d e r ' s  
The f i n  and rudder/speed brake  
The rudder  
Uni t  weight of t h e  ve r t i ca l  t a i l  
Canard sur face . -  The canard s u r f a c e s  are all-moveable a i r f o i l s  which 
are folded a g a i n s t  t h e  s i d e s  of t h e  forebody dur ing  high-speed f l i g h t  and 
are deployed-subsonically , 
honeycomb covers  and are of aluminum c o n s t r u c t i o n .  A s p i d e r - l i k e  i n n e r  
s t r u c t u r e ,  i n c l u d i n g  t h e  close-out r i b ,  i n  conjunct ion  w i t h  t h e  covers  
carries chordwise and spanwise l o a d s  t o  t h e  hub. The two canard s u r f a c e s  
have a n  exposed area of 3 3 . 4  m2 (360 f t 2 )  which i s  3 per  c e n t  of  t h e  wing 
r e f e r e n c e  area, The es t imated  u n i t  weight of 47.0 kg/m2 (9.63 l b / f t 2 )  
i n c l u d e s  t h e  weight of t h e  hub, deployment mechanism and c o n t r o l s ,  
Like' t h e  e levons ,  t h e  canard s u r f a c e s  employ 
Body and tank  s t r u c t u r e s . -  The f u s e l a g e  a i r f r a m e  i s  of aluminum a l l o y  
and is  maintained below about 422 K (300'F) by r e u s e a b l e  s u r f a c e  i n s u l a t i o n .  
The major f u s e l a g e  s t r u c t u r e  u t i l i z e s  a hybr id  i n t e g r a l  t a n k  d e s i g n  
concept.  This  concept ,  i l l u s t r a t e d  i n  f i g u r e  2-4, w a s  i n v e s t i g a t e d  d u r i n g  
S h u t t l e  phase B f o r  t h e  earlier O r b i t e r  d e s i g n  which c a r r i e d  i t s  main engine  
TANK WALL 
t 1 ! 7 - - -  - - - --I-- .. I'URGE GAS 
FUSELAGE SKIN .dl 
TPS 
-4- 
AERO MOLD ' INE 
Figure  2-4.- Hybrid I n t e g r a l  S t r u c t u r e  
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p r o p e l l a n t s  onboard. The s t r u c t u r e  i s  cha rac t e r i zed  as a hybr id  because it 
r e t a i n s  t h e  o u t e r  covers  and p r e s s u r e  v e s s e l  membranes of a non-* in tegra l  
des ign  b u t  i n t e g r a t e s  them i n t o  a working u n i t  through i n t e r c o n n e c t i n g  
frames. Th i s  des ign  is  u t i l i z e d  f o r  t h e  crew compartment, LH2 t a n k ,  LO2 
t ank  and passenger  compartment s e c t i o n s  of t h e  BGT f u s e l a g e ,  
P r i n c i p a l  advantages f o r  t h e  hybr id  i n t e g r a l  t ank  re la t ive  t o  non- 
i n t e g r a l  t a n k  des igns  are: 
o Improved f u s e l a g e  volumetr ic  e f f i c i e n c y  
o Improved material s t r e n g t h  
o Improved s t r u c t u r a l  e f f i c i e n c y  
o Reduced s t r u c t u r a l  weight 
Material s t r e n g t h  improvements s t e m  from the  lower tempera ture  of t h e  fuse-  
l a g e  s t r u c t u r e  which is  i n t e g r a t e d  wi th  the  LH2 and LO2 t a n k s ,  
t h e  i n t e g r a l  s t r u c t u r e  i s  precooled by t h e  p r o p e l l a n t s .  
r esu l t s  i n  lower i n - f l i g h t  s t r u c t u r a l  temperatures f o r  g iven  h e a t i n g  l o a d s ,  
A t  l aunch ,  
Th i s  pre-cooling 
A primary problem wi th  hybr id  i n t e g r a l  p r o p e l l a n t  t anks  i s  t h a t  posed 
by d i f f e r e n t i a l  thermal c o n t r a c t i o n  and expansion, p a r t i c u l a r l y  f o r  t h e  LH2 
t ank  p o r t i o n .  Thermal i s o l a t i o n  of t h e  s t r u c t u r e  from both  t h e  e x t e r n a l  
and t ank  i n t e r n a l  environments and t h e  presence of h e a t  p a t h s  w i t h i n  t h e  
s t r u c t u r e  are t h e  primary means of a l l e v i a t i n g  t h i s  problem. Consequently, 
t h e  BGT des ign  r e q u i r e s  e f f e c t i v e  i n s u l a t i o n  i n s i d e  t h e  LH2 t ank  and i m -  
proved i n s u l a t i n g  p r o p e r t i e s  of t h e  R S I .  Add i t iona l ly ,  f l e x u r e  i n  t h e  webs 
of frames can permit some l o n g i t u d i n a l  displacements.  
The LO2 t ank  i s  i n t e g r a l  w i th  t h e  i n s i d e  of t h e  wing carry-through 
s t r u c t u r e .  The carry-through j u n c t u r e  with t h e  o u t e r  wing i s  a bolt-on 
c o n f i g u r a t i o n  i n  which t h e  major l o a d s  a r e  t r a n s f e r r e d  through s p a r  a t t a c h -  
ments, 
r i n g  frames around t h e  m u l t i c e l l  LO2 t ank .  Wing lower cover l o a d s  a l s o  are 
t r a n s f e r r e d  i n t o  t h e  lower body s k i n  i n  a uniformly d i s t r i b u t e d  manner by 
means of t e n s i o n  b o l t s .  This  avoids  t h e  weight pena l ty  f o r  r e d i s t r i b u t i n g  
t h e  lower s p a r  cap  loads  on both t h e  fuse l age  and o u t e r  pane l  s i d e s  of t h e  
l u g s .  The upper caps i n  t h e  wing carry-through frames serve a double  
purpose i n  a l s o  suppor t ing  t h e  f l o o r  of the  payload compartment. The frames 
are cons t r a ined  by l o n g i t u d i n a l  t e n s i o n  t i e s  which are r e q u i r e d  by t h e  mul t i -  
c e l l  tank .  Shear webs which s t a b i l i z e  t h e  frames a l s o  act as t ank  b a f f l e s .  
Main s p a r  and spar-cap loads  a r e  c a r r i e d  through a series of s t i f f  
The payload compartment i s  i n t e g r a l  with t h e  upper f u s e l a g e  s t r u c t u r e  
and is  i n t e g r a t e d  wi th  t h e  LO2 t ank  and carry-through. 
i n n e r  c e l l s  of t h e  payload compartment i s  equa l  t o  those  of t h e  LO2 t a n k ,  
The width of t h e  
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t h u s  pe rmi t t i ng  use  of continuous t e n s i o n  t ies  a c r o s s  bo th  p r e s s u r e  v e s s e l s ,  
Payload compartment doors  are l o c a t e d  on t h e  s i d e s  wi th  access over t h e  wing, 
employing separate ground equipment. 
The a f t  f u s e l a g e  s t r u c t u r a l l y  s u p p o r t s  t h e  BGT p ropu l s ion  systems (main, 
a i r - b r e a t h i n g  and pos t - a scen t ) ,  subsystem equipments (APU, environmental  
c o n t r o l ,  p o r t i o n s  of t h e  a v i o n i c s ,  and launch u m b i l i c a l ) ,  and t h e  ve r t i ca l  
t a i l ,  In o r d e r  t o  provide  access  t o  internally-mounted equipment f o r  qu ick  
turnaround, t h e  a f t  e x t e r n a l  s t r u c t u r e  i s  l i g h t l y  loaded c o n s i s t e n t  w i th  t h e  
p rov i s ion  of large access  pane l s .  Main engine  l o a d s  and v e r t i c a l  t a i l  l o a d s  
are t r a n s f e r r e d  d i r e c t l y  t o  t h r u s t  s t r u c t u r e  s h e l f  beams. D i s t r i b u t i o n  of 
t h r u s t  loads  t o  t h e  LO2 tank  and a i r f r a m e  i s  p r i m a r i l y  from t h e  s h e l v e s  t o  
longerons i n  t h e  i n t e g r a l  LO2 tank/wing carry-through s t r u c t u r e .  
f u s e l a g e  s t r u c t u r e  i s  b a s i c a l l y  of machined and b u i l t - u p  aluminum a l l o y  con- 
s t r u c t i o n ,  Inconel  s t r e s s k i n  sandwich is  employed f o r  t h e  base  h e a t  s h i e l d  
t o  wi ths tand  t h e  severe thermal  and a c o u s t i c  environments. 
The a f t  
The 50 250 kg (110 780 lb) es t ima ted  weight of t h e  body, Table  2-X, is  
comprised of  t h e  elements i n  t h e  fo l lowing  t a b u l a t i o n .  
crew compartment and t h r u s t  s t r u c t u r e  u n i t  weights  r e p r e s e n t  a p o s t u l a t e d  
reduct ion  of 25 p e r  cen t  from S h u t t l e  O r b i t e r  v a l u e s ,  
The o u t e r  s h e l l ,  
Outer s h e l l  
Crew compartment 
Payload compartment 
s t r u c  t ur e 
Pay l o  ad compartment 
i n s u l a t i o n  
Carry-through 
Thrus t  s t r u c t u r e  
3215 m2x10.55 kg/m2 = 34 000 kg 
(34 600 f t 2 )  x (2.16 l b / f t 2 )  = (75 000 l b )  
79.0 m2 x 22.6 kg/m2 = 1780 kg 
(850 f t 2 )  x (4.63 l b / f t 2 )  = (3930 l b )  
549 m3 x 5.61 kg/m3 = 3085 kg 
(19 400 f t 3 )  x (0.35 l b / f t 3 )  = (6800 l b )  
585 m2 x 0.73 kg/m2 = 426 kg 
(6297 f t 2 )  x (0.15 l b / f t 2 )  = (940 l b )  
120 m2 x 54.2 kg/m2 = 6505 kg 
(1290 f t 2 )  x (11.1 l b / f t 2 )  = 1 4  340 l b )  
22 270 000 N x .OOO 199 kg/N = 4430 kg 
(5 008 000 l b )  x (.OO 195) = (9770 l b )  
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The main p r o p e l l a n t  t anks  ( f u e l  and o x i d i z e r )  are monocoque v e s s e l s  
des igned  by p r e s s u r e  requirements.  
t o  t h e  p r e s s u r e  and r a d i u s ,  and t h e  t o t a l  weight is  p r o p o r t i o n a l  t o  t h e  
s u r f a c e  area, t h e  tank  u n i t  weights  are a f u n c t i o n  of t ank  volume. Com- 
p a r i s o n  of t h e  BGT t anks  wi th  t h e  e x t e r n a l  f u e l  t ank  f o r  t h e  S h u t t l e  c o n s i d e r s  
that t h e  external f u e l  t anks  are expendable wh i l e  t h e  t anks  r e q u i r e d  f o r  t h e  
BGT must  be  good f o r  t h e  l i f e  of t h e  a i r c r a f t .  
materials and r e s u l t i n g  weight r educ t ions  w i l l  be  o f f s e t  by t h e  more s t r i n g e n t  
requi rements  r e s u l t i n g  from f a t i g u e  and long l i f e  c r i t e r i a ,  
estimates are summarized below. 
Since t h e  t e n s i o n  load  is p r o p o r t i o n a l  
Therefore ,  any advanced 
BGT t ank  weight 
LH2 t ank  s t r u c t u r e  3407 m3 x 8.96 kg/m3 = 30 540 kg 
(120 300 f t 3 )  x (0.559 l b / f t 3 )  = (67 330 l b )  
LO2 t ank  s t r u c t u r e  1194 m3 x 6.92 kg/m3 = 8270 kg 
(42 170 f t 3 )  x (0.432 l b / f t 3 )  = (18 220 l b )  
Cryogenic t ank  i n s u l a t i o n  system weights are de f ined  i n  t h e  fo l lowing  
t a b u l a t i o n ,  The i n s u l a t i o n  systems inc lude  mul t i - l aye r  FEP Teflon-coated 
Kapton-H l iner  i n  a l l  c ryogenic  t anks  t o  minimize leakage  of p r o p e l l a n t s  in -  
t o  t h e  i n s u l a t i o n .  
LH2 t ank  i n s u l a t i o n  1858 m2 x 1.22 kg/m2 = 2270 kg 
(20 000 f t 2 )  x (.25 l b / f t 2 )  = (5000 l b )  
929 m2 x 1 - 2 2  kg/m2 = 1135 kg 
(10 000 f t 2 )  x .25  
LO2 tank  i n s u l a t i o n  
l b / f t 2 )  = (2500 l b )  
Thermal p r o t e c t i o n  system.- The thermal p r o t e c t i o n  system f o r  t h e  base- 
l i n e  BGT c o n s i s t s  o f :  (1) ceramic reuseable  s u r f a c e  i n s u l a t i o n  (2eramic 
pane l s  w i th  an e x t e r n a l  waterproof coa t ing  on a s t r a i n - i s o l a t i o n  foam pad) 
d i r e c t l y  bonded t o  t h e  a i r f r a m e  i n  areas exposed t o  s u r f a c e  tempera ture  
between 617 K and 1644 K (650'F and 2500'F); (2) e l a s t o m e r i c  r e u s e a b l e  
s u r f a c e  i n s u l a t i o n  d i r e c t l y  bonded t o  t h e  a i r f r a m e  i n  areas exposed t o  
tempera tures  below 617 K (650'F); and (3)  r e i n f o r c e d  carbon-carbon (RCC) 
material i n  t h e  wing l e a d i n g  edge and body nose  cap  i n  areas exposed t o  
tempera tures  above 1644 K (2500'F). 
C e r a m i c  RSI: Basic components of t he  ceramic RSI system are: 
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S i l i c a  pane ls  - S i l i c a  i s  p r o j e c t e d  f o r  u s e  i n  t h e  
ceramic panels  of t h e  BGT. Weight estimates f o r  t h e s e  
pane ls  are based on d a t a  r e g a r d i n g  t h e  advanced s i l i c a  
system proposed f o r  t h e  S h u t t l e  O r b i t e r .  
Pad - An a r r e s t o r  p l a t e  and pad provide  s t r a i n  i s o l a t i o n  
of t h e  ceramic panels  from t h e  aluminum a l l o y  s t r u c t u r e  
and accommodate l o c a l  s u r f a c e  i r r e g u l a r i t i e s .  
Coating - A waterproof s i l i c a  c o a t i n g  provides  thermal  
c o n t r o l  o p t i c a l  c h a r a c t e r i s t i c s ,  r a i n  e r o s i o n  p r o t e c t i o n  
and a b r a s i o n  r e s i s t a n c e  f o r  ground handl ing  and atmospheric  
f l i g h t .  
Adhesive - A s i l i c o n e  elastomer adhes ive  system is  used f o r  
bo th  pane l  and pad bonding. 
Panel-to-panel gaps avoid ceramic RSI panel  compressive l o a d s  a t  maximum ex- 
pansion,  
a b l e  gasket t o  thermal ly  p r o t e c t  t h e  s u b s t r u c t u r e  a t  t h e  b a s e  of t h e  j o i n t .  
The gaps are p a r t i a l l y  f i l l e d  w i t h  a low-density-quartz expand- 
Elastomeric  RSI :  The e l a s t o m e r i c  R S I  i s  a f l e x i b l e ,  open-cel l  
s t r u c t u r a l  m a t e r i a l  possess ing  good low-temperature f l e x u r a l  p r o p e r t i e s ,  
and i s  a t tached  t o  t h e  a i r f r a m e  i n  coa ted  s h e e t s  wi th  RTV-560 bond, The 
R S I  is  coated wi th  a n  e l a s t o m e r i c  s i l i c o n  r e s i n  ( f o r  waterproof ing)  pig- 
mented with t i t a n i u m  d i o x i d e  and carbon b l a c k  ( f o r  thermal  c o n t r o l ) ,  It i s  
a n  impact - res i s tan t ,  e a s i l y  r e p a i r a b l e  material  which w i l l  minimize 
s u s c e p t a b i l i t y  t o  handl ing  damage. 
Figure 2-5 i l l u s t r a t e s  t h e  c r o s s - s e c t i o n a l  c o n f i g u r a t i o n s  of t h e  ceramic 
and e las tomer ic  R S I ' S .  
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Reinforced carbon-carbon elements:  RCC a p p l i c a t i o n  t o  t h e  body nose and 
wing l e a d i n g  edge s e c t i o n s  of t h e  BGT is a l s o  based on S h u t t l e ,  
edge elements  are approximately .76 m (30 inches)  long.  
are downstream-lapped f o r  spanwise expansion c a p a b i l i t y ,  
designed f o r  i n d i v i d u a l  l ead ing  edge element removal f o r  m a i n t a i n a b i l i t y .  
High-temperature bulk i n s u l a t i o n  backs up the  RCC material t o  p r o t e c t  t h e  
s t r u c t u r e ,  
RCC s u r f a c e .  
i n  material d e t a i l s ,  c o n s t r u c t i o n ,  i n s u l a t i o n ,  and a t tachment ,  as ind ica t ed  
i n  f i g u r e  2 - 6 .  
RCC l ead ing  
Adjacent  elements 
The j o i n t s  are 
A s i l i c o n  c a r b i d e  ox ida t ion  i n h i b i t o r  covers  100 p e r  cen t  of t h e  







HI-TEMP RSI (HRSI) 
Figure  2 - 6 . -  Nose and Leading Edge TPS Conf igbra t ions  
The boos t -g l ide  descent  phase of t h e  BGT miss ion  produces a less s e v e r e  
Weight estimates f o r  t he  thermal  p r o t e c t i o n  system are 
h e a t  s p i k e  than  t h e  S h u t t l e  O r b i t e r ,  bu t  the  BGT t o t a l  h e a t  i n p u t  d u r a t i o n  is  
cons ide rab ly  longe r ,  
developed from S h u t t l e  d a t a  u t i l i z i n g  a 213 power f a c t o r  based on area t o  
account f o r  t h e  thermal  e f f e c t s  of d i s t a n c e  downstream of s t a g n a t i o n  cond i t ions .  
Main enpine  system.- The main engine s y s t e m  c o n s i s t s  of twelve l i q u i d  
p r o p e l l a n t  rocke t  engines  which are der ived  from t h e  Space S h u t t l e  main engines .  
Engine improvements p r o j e c t e d  inc lude :  up ra t ing  of t h r u s t ,  p a r t i c u -  
l a r l y  a t  sea-level and low a l t i t u d e  boost Condit ions,  improvement i n  
2-43 
s p e c i f i c  impulse f o r  a l l  boost  c o n d i t i o n s ,  ex tens ion  of engine o p e r a t i n g  l i f e ,  
and improvements i n  s e r v i c e a b i l i t y .  The d e s c r i p t i o n  i n  t h i s  module summarizes 
engine  phys ica l  and performance c h a r a c t e r i s t i c s .  
and engine c o s t s  a r e  included i n  Module 3 .  
Opera t iona l  c h a r a c t e r i s t i c s  
Space S h u t t l e  main engine r e fe rence :  Each Space S h u t t l e  engine  o p e r a t e s  
nominally a t  a mixture  r a t i o  (L02/LH2) of 6.0:l and a chamber p r e s s u r e  of 
20 680 000 N/m2 (3000 p s i a )  t o  produce a vacuum t h r u s t  of 2 091 000 N 
(470 000 lb) with  a f i x e d  nozz le  area r a t i o  of 77 ,5 :1 ,  Nominal vacuum 
s p e c i f i c  impulse for a s i n g l e  engine o p e r a t i n g  under t h e s e  c o n d i t i o n s  i s  
4463 N-sec/kg (455.2 l b f -  sec/lb,) .  
f o r  S h u t t l e  by about 0.2 pe r  cen t  due t o  t h e  cos ine  loss from t h e  canted  
engine  arrangement. 
The i n s t a l l e d  s p e c i f i c  impulse i s  reduced 
Thrus t ,  s p e c i f i c  impulse and mixture ra t io  fo r  a s i n g l e ' S h u t t l e  main 
engine  f o r  a l t e r n a t e  ope ra t ing  cond i t ions  are presented  i n  T a b l e  2-XI. 
Power l e v e l  i s  cont inuously v a r i a b l e  between t h e  maximum and emergency 
power l e v e l s .  The emergency power l e v e l  is  109 pe r  c e n t  of t h e  normal 
power l e v e l .  Ear ly  i n  1973, t h e  main engine emergency power level w a s  
adopted as r o u t i n e  f o r  t h e  e a r l y  boos t  pe r iod  of S h u t t l e  maximum payload 
miss ions .  
engine  l i f e .  
This power l e v e l  is  now t o  be  supp l i ed  a t  no decrement t o  
The engine gimbal l ing c a p a b i l i t y  permi ts  angular  movement of t h e  t h r u s t  
chamber c e n t e r l i n e  '9.0 deg ( inc lud ing  0.5 deg f o r  o v e r t r a v e l  and 0.5 deg 
f o r  engine misalignment) from t h e  s t a t i c  c e n t e r l i n e .  
Main engine  d e r i v a t i v e s  f o r  b a s e l i n e  BGT: For t h e  t i m e  per iod  of t h e  
199O's, the  fol lowing performance improvements are p ro jec t ed  f o r  d e r i v a t i v e s  
of t h e  Space  S h u t t l e  main engine.  
o An emergency power l e v e l  of 115 per  c e n t  nominal, 
providing a sea - l eve l  t h r u s t  of 1 918 200 N (431 
250 l b ) .  This  i s  achieved p r i m a r i l y  by a l lowing  
t h e  f u e l  as w e l l  as t h e  o x i d i z e r  main t u r b i n e  i n l e t  
temperature  t o  i n c r e a s e  t o  1170 K (1650'F) a t  EPL. 
o Inc rease  i n  nominal vacuum s p e c i f i c  impulse t o  4560 
N-sec/kg (465 lb f - sec / lbm) ,  a n  improvement of about  
2 per  cen t .  
Routine ope ra t ion  a t  t h e  109 per  cen t  level dur ing  e a r l y  boos t  reduces 
t h e  number of engines  r equ i r ed ,  and provides  a 2 per  cen t  improvement i n  
s p e c i f i c  impulse a t  sea-level, The a v a i l a b i l i t y  of a 115 per  c e n t  power 
leve l  provides added margin f o r  an engine-out cond i t ion ,  
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TABLE 2-XI.- SPACE SHUTTLE MAIN ENGINE OPERATING CONDITIONS 
Engine c h a r a c t e r i s t i c  
Emergency power l e v e l  
Thrus t  
S p e c i f i c  impulse (nom.) 
Mixture r a t i o  
Normal power leve l  
Thrus t  
S p e c i f i c  impulse (nom. ) 
Mixture r a t i o  range  
4inimum power l e v e l  
Thrus t  
S p e c i f i c  impulse (nom. 1 
Mixture r a t i o  r ange  
Sea-level 
S I  u n i t s  




. 668 000 N 
N-sec 3562 
ki3 
5.5 t o  6.5 
xnglish u n i t s  
417 300 l b  
370.8 sec 
6.0 
375 000 l b  
363.2 sec 
5.5 to 6 .5  
Vacuum 
S I  u n i t s  




2 0 9 1  000 N 
N-sec 4464  
kg 
5.5 t o  6.5 
1 045 000 N 
N-sec 4446  
kg 
5.5 t o  6.5 
Engl i sh  u n i t s  
512 300 l b  I 
l b f - s e c  
455 ' 1bm- 
470 000 l b  
l b f - s e c  
$55.2 
5.5 t o  6.5 
235 000 l b  
l b f - s e c  
$53.4 
5 .5  t o  6.5 
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Engine weights  of a s i n g l e  main engine  f o r  S h u t t l e  are l i s t e d  i n  t h e  
fo l lowing  t a b u l a t i o n ,  
shield, 
The weights  do not  i nc lude  t h e  gimbal system o r  h e a t  
Condi t ions Dry 
kg l b  
Pres  t a r t  2874 6335 
Operat ing - - 




Figure 2-7 shows t h e  s t a t i c  envelope f o r  a S h u t t l e  main engine ,  
‘-GIMBAL CENTER ! 
I L 167.00 i n .  (4.24m) 
Figure  2-7.- S t a t i c  Envelope Space S h u t t l e  Main Engine 
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Achievement of t h e  2 per  c e n t  increase  i n  vacuum s p e c i f i c  impulse is 
expected t o  require t h e  more s u b s t a n t i a l  engine advancement and changes i n  
engine geometry, i n c l u d i n g  a n  i n c r e a s e d  expansion r a t io  and p o s s i b l y  var i -  
a b l e  n o z z l e  geometry f o r  those  engines  which o p e r a t e  f o r  l o n g e s t  d u r a t i o n  
a t  t h e  h i g h e r  boos t  a l t i t u d e s .  
F igure  2-3 shows t h e  nozz le  end-profi les  f o r  i n s t a l l a t i o n  of 12 main 
engines  i n  conjunct ion  w i t h  t h e  post-boost and a i r - b r e a t h i n g  engines  i n  t h e  
b a s e l i n e  BGT. S i x  fixed-geometry, f i x e d - p o s i t i o n  engines  are l o c a t e d  i n  
t h e  outboard p o r t i o n  of t h e  i n s t a l l a t i o n ,  A s  p r o p e l l a n t  i s  consumed dur ing  
b o o s t ,  t h e s e  engines  are shut-down f i r s t  as  r e q u i r e d  t o  l i m i t  maximum acceler- 
a t ion  t o  2g, 
g r e s s i v e l y  inboard minimizes t o t a l  cos ine  losses. 
Sequent ia l  shut-down from the  extreme outboard engines  pro- 
Six main engines  are of v a r i a b l e  geometry and a r e  f u l l y  gimbaled. These 
engines  are c l u s t e r e d  t o  minimize t h e  o v e r a l l  c l e a r a n c e  envelope r e q u i r e d  f o r  
c o n t r o l  d e f l e c t i o n s .  (Counter-def lect ion of a d j a c e n t  engines  is n o t  r e q u i r e d , )  
I n s t a l l a t i o n  w i t h i n  t h e  l i m i t e d  base  a r e a  is  made p o s s i b l e  by: 
board p o s i t i o n i n g  of t h e  f i x e d  engines  including a n  e x t e r n a l  f a i r i n g  a t  t h e  
wing r o o t ;  ( 2 )  superimposing t h e  n o z z l e  d e f l e c t i o n  envelope behind t h e  air- 
b r e a t h e r s  which are  i n o p e r a t i v e  dur ing  boost;  and ( 3 )  employment of a lower 
a f t  body f l a p  as i n  t h e  S h u t t l e  t o  c o n t r o l  aerodynamically-induced moments 
on t h e  gimbaled engines .  
engines  re turn  t o  t h e i r  n u l l  p o s i t i o n s  s o  as t o  avoid i n t e r f e r e n c e  wi th  t h e  
a i r - b r e a t h e r s  and t h e  post-boost propuls ion system. 
(1) out- 
A t  t e r m i n a t i o n  of t h e  boos t  phase,  t h e  gimbaled 
Air -brea th ing  propuls ion  system.- The primary purpose of  t h e  a i r -  
b r e a t h i n g  propuls ion  system (ABPS) i s  t o  provide l o i t e r  f l i g h t  c a p a b i l i t y  
upon completion of t h e  g l i d e  phase of each mission.  
s e l f - f e r r y  c a p a b i l i t y  from a l t e r n a t e  landing sites t o  t h e  launch si tes 
through t h e  employment of add-on engines .  
The ABPS a l s o  provides  
The i n t e g r a l  ABPS, which is a v a i l a b l e  f o r  a l l  miss ions ,  u t i l i z e s  f o u r  
hydrogen-burningturbojet  engines  i n s t a l l e d  w i t h i n  t h e  a f t  end of t h e  f u s e l a g e .  
The subsonic  a i r  i n d u c t i o n  system employs swing-out scoop-type i n l e t s  which 
are f u l l y  c losed  and thermally p r o t e c t e d  dur ing  t h e  high-speed regimes. 
Liquid hydrogen f u e l  f o r  t h e  ABPS i s  c a r r i e d  i n  t h e  a f t  compartment of  t h e  
main LH2 t a n k ' s  c e n t e r  c e l l .  
The f e r r y  system c o n s i s t s  of t h e  i n t e g r a l  ABPS p l u s  f o u r  a d d i t i o n a l  
engine modules. 
margin f o r  h o r i z o n t a l  take-off .  The add-on engines  are pod-mounted t o  
minimize weight  and des ign  impact on the BGT and t o  f a c i l i t a t e  f i e l d  
i n s t a l l a t i o n ,  Fue l  f o r  f e r r y  miss ions  i s  c a r r i e d  i n  t h e  c e n t e r  c e l l  of 
t h e  main LH2 tank.  
The la t ter  are r e q u i r e d  t o  provide  t h e  g r e a t e r  t h r u s t  and 
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The t u r b o j e t  engine s e l e c t e d  f o r  t h e  b a s e l i n e  BGT i s  a s c a l e d  v e r s i o n  of 
a hydrogen-burning des ign  s t u d i e d  by P&W f o r  p o t e n t i a l  a p p l i c a t i o n  t o  t h e  
Space S h u t t l e .  The engine  s t u d i e d  f o r  S h u t t l e  i s  des igna ted  JTF22A-4(H), 
and i s  descr ibed  by P r a t t  and Whitney as fo l lows:  
"The JTF22A-4(H) i s  a hydrogen-fueled, nonaugmented d e r i v a t i v e  of 
the F401-PW-400 tu rbofan  engine .  . . It is  an ax ia l  flow, two-spool 
tu rbofan  engine  with a f ixed -a rea  exhaus t  n o z z l e ,  
s ta t ic  t h i s  engine has  a 0 .71  bypass r a t i o  and an  o v e r a l l  com- 
p res s ion  r a t i o  of 28,5:1. 
A t  s ea - l eve l  
The b a s i c  F401-PW-400 engine ,  designed f o r  t h e  F-14B a i r c r a f t ,  
has  s t r u c t u r a l  and mechanical des ign  f e a t u r e s  t h a t  i n c l u d e  modular 
c o n s t r u c t i o n ,  low weight ,  and s t r u c t u r a l  i n t e g r i t y  f o r  h igh  maneuver 
loads ,  as w e l l  as h igh  component e f f i c i e n c i e s  i n  both  t h e  t r a n s o n i c  
and subsonic  o p e r a t i n g  regimes. The engine  des ign  inc ludes  v a r i a b l e  
geometry i n  both t h e  f a n  and compressors f o r  improved performance 
and i n l e t  d i s t o r t i o n  t o l e r a n c e  and an annu la r  r a m  induc t ion  combustor 
f o r  optimum combustion e f f i c i e n c y ,  Modular c o n s t r u c t i o n  of t h e  engine  
provides f o r  f i e l d  i n s t a l l a t i o n  of prebalanced components t o  minimize 
engine maintenance t i m e .  
The low r o t o r  c o n s i s t s  of a th ree - s t age  f a n  and one low compressor 
s t a g e  d r i v e n  by a two-stage t u r b i n e  through c o n c e n t r i c  s h a f t i n g .  
The 10-stage h igh  p r e s s u r e  compressor i s  d r i v e n  by a 2-s tage ,  a i r -  
cooled t u r b i n e  . . . The f u l l  annu la r  f a n  duc t  sur rounds  t h e  gas  
genera tor  and s u p p l i e s  f a n  bypass a i r  t o  t h e  exhaust nozz le .  
The engine i s  based on NASA ground r u l e s  t h a t  s p e c i f y  "minimum 
modif ica t ion"  t o  adapt  t h e  F401 engine  t o  match space  s h u t t l e  
requirements and t o  o p e r a t e  on hydrogen f u e l .  The f a n ,  compressor, 
and t u r b i n e  assembl ies  are t h e  same as t h e  F401-PW-400. The F401 
augmentor and v a r i a b l e  area nozz le  are rep laced  by a f i x e d  area 
nozzle.  A hydrogen v a p o r i z e r  is i n s t a l l e d  i n  t h e  nozz le  exhaus t  
cone . . . Var iab le  geometry a c t u a t i o n  systems t h a t  are powered by 
J P  f u e l  on t h e  F401 are r e v i s e d  t o  o p e r a t e  on compressor d i s c h a r g e  
air .  Fue l  i n j e c t o r s ,  f u e l  mani fo lds ,  and combustor a i r  d i s t r i b u t i o n  
are modified t o  accommodate use  of hydrogen f u e l . "  
I Figure 2-8 shows t h e  g e n e r a l  c o n f i g u r a t i o n  of t h e  JTF22A-4(H) engine ,  
 
Fud Vaporizer in Tail Con 
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Oil Supply md !jawngn Pum 
Figure  2-8.- JTF22A-4(H) Engine (Lef t  S ide)  
Est imated c h a r a c t e r i s t i c s  o f  a sca l ed  ve r s ion  of t h i s  engine f o r  a p p l i -  
c a t i o n  t o  t h e  BGT are: 
Thrus t  a t  M = 0.6 l o i t e r  
S f c  a t  M = 0.6 l o i t e r  
Sea- leve l  s t a t i c  t h r u s t  
Engine s p e c i f i c  t h r u s t ,  T SL /W TJ 
Engine weight 
Engine i n s t a l l e d  weight 
I n l e t  diameter  
Maximum diameter  
Engine l eng th  
133 400 N 
0.0334 kg N-hr 





1 .63  rn 
4.85 m 
(30 000 lb) 
1bm 
(0*33 Ibf-hr) 




(60 i n )  
(64 i n )  
(191 i n )  
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ABPS LH2 f u e l  requirements  are based on t h e  fol lowing:  
0.0334 -!%- 
N-hr 
L o i t e r  range 
(0.33 Ibm ) 
l b  -hr f 




L o i t e r  d u r a t i o n  
BGT l o i t e r  weight ,  avg 
L o i t e r  L/D 
(15 600 l b )  
(1200 l b )  
(16 800 l b )  
L o i t e r  t h r u s t ,  t o t a l  
L o i t e r  s f c  
L o i t e r  f u e l = t h r u s t  x s f c  
x d u r a t i o n  
Engine s tar t ,  i d l e  d e s c e n t ,  
t a x i  and shut-down f u e l  
ABPS t o t a l  f u e l  
278 km 1 (173 s .  mi ; )  
km (441 s .  mi. /hr)  
710 hr I 
0.391 h r  
274 000 kg 1 (604 000 l b )  
z 5 . 0  
533 800 N (120 000 l b )  
U s e  of an es t imated  subsonic  L/D of 5.0 i s  a b a s i c  conserva t i sm i n  t h e  
a n a l y s i s .  ( S h u t t l e  maximum L/D s u b s o n i c a l l y  is  5.32.) 
Post-ascent propuls ion  and c o n t r o l  engine system- Two advanced s ta te -of -  
t h e - a r t ,  high-performance L02/LH2 engines  are u t i l i z e d  t o  d e r i v e  p r o p u l s i v e  
energy from p r o p e l l a n t s  which o therwise  would have been r e s i d u a l s .  
descr ibed  ear l ier ,  t h e  engine system a l s o  augments aerodynamic c o n t r o l s  
dur ing  t h e  e a r l y  p o r t i o n  of t h e  g l i d e  when dynamic p r e s s u r e s  are low. 
engine i s  der ived  from t h a t  def ined  f o r  u s e  i n  t h e  Space Tug P o i n t  Design 
Study. 
A s  
The 
Space Tug r e f e r e n c e  engine: The r e f e r e n c e  engine h a s  a nomonal vacuum 
s p e c i f i c  impulse o f  4609 N-sec/kg (470 ( lbf -sec) / lbm)  and a t h r u s t  r a t i n g  of 
44 480 N (10 000 l b ) .  A staged-combustion c y c l e  w i t h  two preburners  i n  con- 
j u n c t i o n  wi th  c o a x i a l  i n j e c t o r s  and a nozz le  area expansion r a t i o  of 400 i s  
used t o  achieve high engine e f f i c i e n c i e s .  
post-boost engines  have a mixture  r a t i o  range from 5.5 t o  6.5 wi th  a nominal 
r a t i o  of 6.0. 
which allow n e t  p o s i t i v e  s u c t i o n  heads of  15  f e e t  f o r  LH2 and 2 f e e t  f o r  LO2 
without  penal ty  t o  t h e  main pumps. 
Like t h e  S h u t t l e  main engines ,  t h e  
The engine is  equipped wi th  boost  pumps f o r  bo th  p r o p e l l a n t s  
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Operat ing mode 
F u l l  t h r u s t  
Pumped i d l e  
P res su re  f ed  i d l e  
P i t c h  and yaw d e f l e c t i o n s  are by means of e lec t romechanica l  s e r v o a c t u a t o r s .  
The r e f e r e n c e  engine  has  a square gimbal p a t t e r n  wi th  gimbal ang le s  of f7 
deg . 
I. SP Thrust t 
N l b  N-sec/kg ( lb f - sec )  / lbm)  
44 480 10 000 4609 470 
4448 1000 4511 460 
156-187 35-42 39904334 407-442 
\ 
BGT post-boost  engine system: Primary mqd i f i ca t ions  t o  t h e  r e f e r e n c e  
engine concept f o r  a p p l i c a t i o n  t o  t h e  BGT are: (1) i n c r e a s e  i n  gimbal 
angles,  (2)  r educ t ion  of nozz le  expansion r a t i o  wi th  a t t e n d a n t  r e d u c t i o n  
i n  performance, and (3) i nco rpora t ion  of t h r o t t l i n g  c a p a b i l i t y .  
I n  t h e  post-boost pe r iod ,  t h e  development of s i g n i f i c a n t  c o n t r o l  f o r c e s  
through engine  t h r u s t  v e c t o r  c o n t r o l  requires gimbal ang le s  i n  t h e  o rde r  of 
*20 degrees  as compared wi th  *7 degrees  f o r  t h e  r e f e r e n c e  engine.  Phys ica l  
c o n s t r a i n t s  i n  t h e  engine i n s t a l l a t i o n ,  f i g u r e  2-3, i n d i c a t e  t h a t  t h e  
h ighe r  gimbal ang le s  are a t t a i n a b l e  i n  t h e  b a s e l i n e  BGT wi th  a smaller 
nozz le .  Therefore ,  f o r  t h e  b a s e l i n e  t h e  nozz le  expansion r a t i o  is  reduced 
t o  200. Th i s  permi ts  r educ t ion  o f  e x i c  d i a m e t e r  t o  0.76 m (30 i n )  and 
engine  l e n g t h  t o  about 1.27 M (50 in ' .) .  Engine geometry i s  shown i n  
f i g u r e  2-9. 
Engine performance i s  es t imated  t o  b e  reduced about  one percent  by 
t h i s  change. Resu l t ing  va lues  a t  f u l l  t h r u s t  f o r  vacuum cond i t ions  are: 
Thrus t  = 44 040 N (9900 l b )  
S p e c i f i c  impulse = 4563 N-sec/kg l b  -sec (," :b m 
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I- 1.27 rn 4 
(50 i n . )  
Propel lan t  system.- The p r o p e l l a n t  system i s  comprised of  a f i l l  and 
d r a i n  subsystem, p r e s s u r i z a t i o n  subsystem, v e n t  subsystem, pre-valves ,  feed 
systems, i n s t r u m e n t a t i o n  and p r o p e l l a n t  management, and s u p p o r t s  and 
i n s t a l l a t i o n ,  
system. Major d i f f e r e n c e s  are: (1) e x t e n s i o n  of c a p a c i t y  t o  f e e d  1 2  main 
engines ,  ( 2 )  d e l e t i o n  of E x t e r n a l  Tank, (3)  m o d i f i c a t i o n s  t o  accelerate 
o p e r a t i o n a l  turnaround,  and ( 4 )  i n c o r p o r a t i o n  of a p r o p e l l a n t  u t i l i z a t i o n  
system in t h e  BGT. 
10 680 kg ( 2 3  540 l b ) ,  i s  s c a l e d  from S h u t t l e  on t h e  b a s i s  of t o t a l  engine  
The system i s  der ived  from t h e  S h u t t l e  O r b i t e r  p r o p e l l a n t  
The weight estimate f o r  t h e  BGT p r o p e l l a n t  system, 
i t h r u s t  . 
F i g u r e  2-9,- Post-Ascent Engine Conf igura t ion  
Propor t iona l  t h r o t t l i n g  t o  50 p e r  c e n t  of t h e  f u l l  t h r u s t  v a l u e  is a l s o  
incorpora ted  f o r  BGT b a s e l i n e  usage i n  o r d e r  t o  m e e t  bo th  t h e  t h r u s t  l eve l  
and d u r a t i o n  needs f o r  c o n t r o l  augmentation i n  t h e  p e r i o d  of low dynamic 
p r e s s u r e ,  The primary impact i s  on t h e  engine  c o n t r o l  system. 
Estimated weights  f o r  t h e  post-boost engine  system a r e . l i s t e d  below: 
Engines (2) 270 596 
Gimbal a c t u a t i o n  systems (2) 47 1 0 4  
P r o p e l l a n t  system increment 182 400 
T o t a l  499 1100 
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Landinp gea r , -  The b a s e l i n e  BGT u t i l i z e s  a convent iona l  multi-wheel, 
a i r c r a f t - t y p e  l and ing  system. A s  shown previous ly  i n  f i g u r e  2-3, t h e  main 
gea r  is suppor ted  by t h e  forward wing spar and i s - r e t r a c i e d  i n t o - t h e  glove. 
Opera t ion  i s  forward r e t r a c t / f r e e  f a l l .  
are powered h y d r a u l i c a l l y ,  Landing gear  weight i s  es t imated  a t  0.033 t i m e s  
t h e  277 600 kg l and ing  weight ,  o r  9150 kg (20 160 l b ) .  
Gear a c t u a t i o n ,  s t e e r i n g  and b rakes  
S u r f a c e  con t ro l s . -  The s u r f a c e  c o n t r o l  system provides  t h e  mechanisms 
and a c t u a t o r s  t o  o p e r a t e  t h e  aerodynamic s u r f a c e s  i n  response  t o  i n p u t s  
from t h e  f l i g h t  c o n t r o l  system. Two dual  tandem a c t u a t o r s  are u t i l i z e d  
f o r  each s u r f a c e ,  i . e r ,  each s i d e  of t h e  s p l i t  rudder  and each of t h e  two 
a d j a c e n t  e levons  on each wing panel .  Estimated weights  are 1890 kg (4160 
l b )  f o r ' e l e v o n  c o n t r o l s  and 460 kg (1010 l b )  f o r  r i g h t  and l e f t  rudder 
controls. .  
Power and d i s t r i b u t i o n .  - E l e c t r i c a l  power is supp l i ed  by APU-driven 
During l o i t e r  and l and ing ,  e l e c t r i c a l  and h y d r a u l i c  power are nominally 
20/30 kva, 400 Hz g e n e r a t o r s  du r ing  ascent and g l i d e  and as a l and ing  back- 
up. 
de r ived  from ABPS i n t e g r a t e d  d r i v e  gene ra to r s  and engine  d r i v e n  pumps. The 
es t imated  weight of power gene ra t ion  equipment, r a t i o e d  from S h u t t l e  based on 
engine  t h r u s t ,  is  3080 kg (6800 l b ) .  Estimated power convers ion  and 
d i s t r i b u t i o n  weight ,  r a t i o e d  from S h u t t l e  based on l and ing  weight ,  i s  
4220 kg (9300 lb). 
Hydraulics.-  The h y d r a u l i c  subsystem provides  power f o r  o p e r a t i o n  of 
main engine t h r u s t  v e c t o r  c o n t r o l ,  aerodynamic s u r f a c e  c o n t r o l ,  l and ing  gea r  
and o t h e r  u t i l i t y  f u n c t i o n s ,  Independent h y d r a u l i c  systems are powered by 
v a r i a b l e  d isp lacement  pumps d r i v e n  by s e p a r a t e  APU's. Nominal o p e r a t i n g  
p r e s s u r e  of t h e  h y d r a u l i c  systems i s  20 700 N/m2 (3000 p s i ) .  
h y d r a u l i c  system weight estimate, Table 2-X, is de r ived  from S h u t t l e  and 
i s  r e l a t e d  t o  l and ing  weight.  
The BGT 
Environmental c o n t r o l -  The environmental c o n t r o l  system c o n s i s t s  of 
atmospheric c o n t r o l  and thermal  c o n t r o l  subsystems. 
c o n t r o l  p rov ides  chemical,  humidity,  temperature and p r e s s u r e  c o n t r o l  of 
t h e  crew and payload compartments, 
a c t i v e  thermal  c o n t r o l  of a v i o n i c s  and mechanical equipment, and d i s s i p a t e s  
h e a t  from t h e  crew and payload compartments. 
Table 2-X, i s  inc reased  from S h u t t l e  O r b i t e r  v a l u e s  t o  accommodate t h e  
inc reased  load  f o r  t h e  payload compartment. 
The atmospheric 
The thermal c o n t r o l  subsystem provides  
The system weight estimate, 
Avionics.- The a v i o n i c s  system c o n s i s t s  of guidance, n a v i g a t i o n  and 
c o n t r o l ,  d a t a  process ing  and so f tware ,  communications, i n s t rumen ta t ion ,  
and d i s p l a y s  and c o n t r o l s .  Weights relative t o  S h u t t l e  O r b i t e r  a v i o n i c s  
are reduced by d e l e t i o n  of equipment f o r  in-space rendezvous and docking, 
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O r b i t e r  payload ommunications and management, manipulator  o p e r a t i o n s  and TV 
l i n k s  with t h e  ground, 
is  f u r t h e r  extended i n  t h e  ground checkout equipment onboard t h e  BGT. 
d i f f e r e n c e s  are r e f l e c t e d  i n  t h e  es t imated  a v i o n i c s  weight  of 1860 kg 
(4100 lb) f o r  t h e  BGT. 
The O r b i t e r  concept of minimum ground dependency 
These 
Payload provis ions , -  Payload p r o v i s i o n  weights ,  Table  2-X, a re  reduced 
f o r  t h e  BGT re la t ive  t o  t h e  HST b a s e l i n e  descr ibed  i n  r e f e r e n c e  1. I n  a 
passenger v e r s i o n ,  t h e  s h o r t  f l i g h t  t i m e  and a c c e l e r a t i o n  environment pre- 
c ludes  on-board m e a l  service. ( I n s t e a d ,  beverage service could b e  provided 
t h e  passengers i n  a pre-boarding a r e a , )  F i g u r e  2-3 shows a p a r t i a l  view of 
a 200-seat arrangement. P r o v i s i o n s  f o r  luggage and l i m i t e d  cargo  s t o r a g e  
are loca ted  i n  t h e  forward end of t h e  compartment; u t i l i t i e s  are l o c a t e d  
a f t ,  The seats, which are  t h e  major payload p r o v i s i o n s ,  w i l l  i n c o r p o r a t e  
improved oceupant r e s t r a i n t s  and seat a t t i t u d e  ad jus tments  t o  accommodate 
t h e  axial a c c e l e r a t i o n  range  of +2.0g to -0.033g as w e l l  as normal load  
f a c t o r s .  
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METHOD MODULE 3 
DOC FORMULAS AND DRIVERS 
METHOD MODULE 3 - DOC FORMULAS AND DRIVERS 
Logic 
This  method module p r e s e n t s  t h e  procedures and t h e  equat ions  f o r  ca lcu-  
l a t i n g  d i r e c t  o p e r a t i n g  c o s t  (DOC) f o r  t h e  BGT as a f u n c t i o n  of Driver Parame- 
ters and t h e  change i n  t h e  DOC which would r e s u l t  from improvements i n  t h e  
v a l u e s  of t h e  Driver Parameters.  By d e f i n i t i o n ,  t h e  Driver Parameters are 
parameters  wi th  a s i g n i f i c a n t  impact on DOC and which are d i r e c t l y  r e l a t a b l e  
t o  hypersonic  technology. The DOC formulas have been organized t o  express  
t h e  Dr iver  Parameters i n  normalized form (e.g. ,  WAF/GLOW, a i r f r a m e  weight 
f r a c t i o n )  o r  o t h e r  forms which a r e  convenient f o r  t h e  purposes of t h e  o v e r a l l  
method. The DOC v a l u e s  are c a l c u l a t e d  using t h e  DOC formulas  and are ex- 
pressed  i n  t h e  form of c e n t s  per t o n - s t a t u t e  m i l e ,  
The changes i n  t h e  DOC which r e s u l t  from p r o j e c t e d  improvements i n  t h e  
D r i v e r s  are c a l c u l a t e d  us ing  equat ions  expressed i n  t h e  r a t i o  (ADOC/DOC)/ 
(ADriver/Driver).  The r a t i o s  (ADOC/DOC)/(ADriver/Driver) are c a l l e d  "Driver 
P a r t i a l s "  h e r e i n  f o r  convenience.  The l o g i c  sequence f o r  t h i s  method module 
is  i l l u s t r a t e d  i n  f i g u r e  3-1. 
A demonstrat ion s e c t i o n  is  included i n  which t h e  procedures  presented  
h e r e  are i l l u s t r a t e d  f o r  t h e  b a s e l i n e  BGT a i r c r a f t  def ined  i n  Module 2 ,  Base- 
l i n e  BGT D e f i n i t i o n .  I n  a d d i t i o n ,  a s e n s i t i v i t y  a n a l y s i s  i s  included which 
i n d i c a t e s  v a r i a t i o n s  i n  t h e  v a l u e s  of t h e  Dr iver  P a r t i a l s ,  (ADOC/DOC)/ 
(ADriver lDriver) ,  which would r e s u l t  from u n c e r t a i n t i e s  i n  parameters  o t h e r  
t h a n  D r i v e r s  which are t r e a t e d  as cons tan ts  i n  t h e  DOC formulas.  The "sensi-  
t i v i t y  parameters ' '  i n c l u d e  o p e r a t i o n a l  and c o s t  f a c t o r s  which are a matter of 
judgment o r  independent estimate such as a i r c r a f t  u t i l i z a t i o n ,  load  f a c t o r ,  
o r  t h e  purchase p r i c e  of f u e l .  
DOC formulas.-  The DOC formulas a r e  organized i n  t h e  manner i n d i c a t e d  
i n  f i g u r e  3-2. A s e p a r a t e  formula exists f o r  each DOC element,  f u e l ,  crew, 
insurance ,  e tc .  
(DOCBaseline). The i n d i v i d u a l  DOC formulas are given i n  Table  3-1. Deri- 
v a t i o n  of t h e  DOC formulas i s  presented  i n  Appendix 3-A. The input  and 
output  v a l u e s  of  a l l  c o s t  va lues  i n  t h e  formulas  are i n  d o l l a r s ,  so  t h a t  
t h e  c a l c u l a t e d  DOC v a l u e s  are i n  d o l l a r s  per  t o n - s t a t u t e  m i l e .  The formulas  
are expressed w i t h  c o e f f i c i e n t s  i n  SI u n i t s  s o  t h a t  i n p u t s  t o  t h e  formulas  
must b e  i n  S I  u n i t s .  
These are then  summed to  g i v e  DOC t o t a l  i d e n t i f i e d  as DOCBL 
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TABLE 3-1.- DOC FORMULAS 
(Note: All inputs are in SI units) 
[ r H  + c O ( m ) )  - "T ] 
(LF) (WpL/GLOW) RT 
1464 (MR) + 1 GLOW DOCp = $/ton-statute mile 
(1.066 x 106/GLOW) (tF) 
DOCC = (LF) (WpL/GLOW) RT $/ton-statute mile 
1464 IR (CBGT/GLOW) tF 
(LF) (WpL/GLOW) RT U 
DOCI = $/ton-statute mile 
321 tF [3.67 ( CBGT/GLOW) + (CME/GLOW)] 
DOCD = $/ton-statute mile (LF) (WpL/GLOW) RT IJ Ld 
$/ton-statute mile 
(9.07 t + 9.15 C GLOW + CE /GLOW + CAV/GLOW) 
= F - - ) - (  s.1.- . 
 doc^/^^/^ (LF) ( W ~ ~ J G L O W )  R~ x 103 
$/ton-statute mile 
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TABLE 3-1.- DOC FORMULAS - Concluded 
All inputs are in SI units) (Note: 
$/ton-statute mile I 
$/ton-statute mile 1 
0.051 CTJ/GLOW + (1317 + .013 TTJ) NTJ rL/GLOW 
- .   
T J (LF) (WpL/GLOW) RT 
$/ton-statute mile 
Terms are defined in Tables 3-111 and 3 - I V .  
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Driver de.f i n i . t i ons .  - Ikiver  Parameters  have been i d e n t i f i e d  as parameters  
which en te r  i n t o  t h e  c a l c u l a t i o n  of DOC,  s i g n i f i c a n t l y  impact i t s  v a l u e ,  and 
are d i r e c t l y  r e l a t a b l e  t o  technology. 
The fo l lowing  terms have been i d e n t i f i e d  as Dr iver  Parameters :  
Airframe weight f r a c t i o n  - WAF/GLOW 
Thermal p r o t e c t i o n  system l i f e  - 
T h e r m a l  p r o t e c t i o n  s y s t e m  average  weight p e r  u n i t  
area - (W/AITps 
Weight t o  t h r u s t  r a t i o  f o r  main engine  - (W/T)ME 
LTPS 
Li f t - to-drag  r a t i o  (hypersonic)  - L / D  
I S P  S p e c i f i c  impulse (vacuum) - 
In  most of t h e  DOC formulas ,  t h e  Driver Parameters  are  conta ined  i n  two 
terms : 
W /GLOW and WpL/GLOW 
pT 
The equat ion  f o r  W /GLOW ( p r o p e l l a n t  f r a c t i o n )  i s :  
pT 
e 
The D r i v e r s  L / D  and I both  appear  i n  t h i s  express ion .  
SP 
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The payload weight f r a c t i o n  i s  w r i t t e n  as: 
-=I-------------- 'PL 'AF 'ME 'TPS 'TJ wPT 'Mist 'AV 
GLOW GLOW GLOW GLOW GLOW GLOW GLOW GLOW 
The f i r s t  t e r m  W 
Parameter.  
/GLOW is t h e  a i r f r a m e  weight f r a c t i o n  which i s  a Dr iver  AF 
The second t e r m  can b e  w r i t t e n  as: 
where, 
(W/T)ME i s  t h e  Dr iver  Parameter.  
The t h i r d  t e r m  can be  w r i t t e n  as: 
/GLOW 'TPS GLOW (W/A)TPS *TPS 
- =  
where, 
(W/A)Tps i s  t h e  D r i v e r  Parameter 
The f i n a l  Driver Parameter,  LTpS, (thermal p r o t e c t i o n  system l i f e )  is  con- 
t a i n e d  d i r e c t l y  i n  t h e  DOC maintenance formula. f o r  t h e  TPS,  D O C M / T ~ ~ .  
Driver P a r t i a l  Equations.- The d r i v e r  p a r t i a l  e q u a t i o n s  (ADOC/DOC)/ 
(ADriver/Driver) are presented  i n  Table  3-11. 
i s  presented  i n  Appendix 3 - B .  The d r i v e r  p a r t i a l  e q u a t i o n s  a re  organized  so 
t h a t  a s e p a r a t e  v a l u e  of (ADOCi/DOCi)/(ADriverj/Driverj) i s  c a l c u l a t e d  f o r  
each DOC e l e m e n t , ( i ) ,  (DOCi = DOCp, DOCC, DOCI, e t c . ) ,  and f o r  each Driver 
Parameter,  ( j ) ,  ( D r i v e r j  = WAF/GLOW, LTPS, (W/A)TpS, e t c . )  
D e r i v a t i o n  of t h e s e  equat ions  
"Tota l  d r i v e r  p a r t i a l s "  which i n d i c a t e  the  impacts on DOC t o t a l  ( c a l l e d  
DOCBL) of each Driver Parameter,  ( i ) ,  a r e  t h e n  computed by t h e  e q u a t i o n :  
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TABLE 3-11. - "DRIVER PARTIAL" EQUATIONS 
(All terms are defined in TABLES 3-111 and 3-IV) 
For Driver WM/GLOW 
AWAF/GLOW 
WAF / GLOW 
- P 
'AF 
Use P = -0:l 
'AF 
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TABLE 3-11.- "DRIVER PARTIAL" EQUATIONS - Continued 
( A l l  terms are def ined  i n  TABLES 3-111 and 3-IV) 
LTPS For Driver, 
A D O C ~ / D O C ~  
A L ~ ~ ~ ' L ~ ~ ~  





YrPS + LTpS 
ALTPS where, P = -  
LTPS LTPS 
ALTPS Use technology p r o j e c t i o n  f o r  -
LTPS 
(1 + ip) 
3-9 
TABLE 3-11 .- "DRIVER PARTIAL" EQUATIONS - C o n t i n u e d  
(All t e r m s  are def ined  i n  TABLES 3-111 and 3 - I V )  
)r D r i v e r  (W/AITps 
w h e r e ,  DOCi = a l l  DOC e l e m e n t s  ( i .e. ,  
DOC,  = DOCp, DOCC, DOCI, 
1 
. . . )  
A ('IA)Tps - P ('IA) TpS ('IA) TPS 
Use P (W/A)Tps = -0.1 
'or  D r i v e r  (W/T),, 
where, DOCi = a11 DOC e l e m e n t s  
Use P 
(W/T)ME = -0.1 
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I 
TABLE 3-11, - "DRIVER PARTIAL" EQUATIONS - Continued 
(All terms are defined in TABLES 3-111 and 3-IV) 
~~ 
?or Driver L/D 
ADOC,/DOC, = -  1 
A (L /D)  / WD) pLjD 
- AL/D - -  
L/D ~ / a  where, P 
= + 0.1 
L/D 
Use P 
where, DOCi = all DOC elements except DOCp 
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TABLE 3-11.- “DRIVER PARTIAL” EQUATIONS - Concluded 
(A11 terms are de f ined  i n  TABLES 3-111 and 3 - I V )  
Fo r  Driver  Isp 
1 ADO cP  DOC^ . .  , - 
_I_  
P 
ISP * ISP/ I SP 
- *ISP where, PI - -
SP ISP 
L U  A - -1 DOCp 
(J wpT = 
where A = f (1 + fIsp) I S P  (808.67 
(1 - 5) e 
RT. . 
1082 (L/D) (1 + 3) and B = 
GLOW GLOW GLOW GLOW 




1- - B 
112 
+ 160.28 - 33.03  s i n  c o s 8  1 
-1 
where, DOCi = a l l  DOC e lements  except  DOCp 
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ADOC . /DOC 
ADriver 1 . /Dr iver .  )(DOCi) 
D ° C ~ ~  
A D O C ~ ~ / D O C ~ ~  - = c  ( J 
Allriver. /Driverj 
J 
Input  Data 
Input  d a t a  f o r  t h i s  method module c o n s i s t  of t h e  v e h i c l e  and miss ion  
parameters  l i s t e d  i n  Table 3-111 which a r e  provided by t h e  ou tpu t  of Module 
2 ,  Baseline BGT D e f i n i t i o n  ( r e f e r e n c e  Table 2- 1 1 ) .  Other o p e r a t i o n a l  and 
c o s t  f a c t o r s  r e q u i r e d  f o r  s o l u t i o n  of t h e  DOC and Driver P a r t i a l  formulas  
are given i n  Table 3-IV. R a t i o n a l e  f o r  determining v a l u e s  f o r  t h e s e  parame- 
ters is d i scussed  i n  Appendix 3-C. 
Procedures 
The procedures  of t h i s  Method Module c o n s i s t  of s o l v i n g  t h e  DOC formulas  
and Driver P a r t i a l  equat ions  and compiling t h e  r e s d t c  i n  spprcpriate fcrmat 
f o r  d e l i v e r y  t o  t h e  P r o j e c t  Of f i ce .  
1. DOC Formulas.- Determine t h e  b a s e l i n e  DOC va lue  f o r  each of t h e  
DOC e lements  us ing  t h e  formulas  l i s t e d  i n  Table  3-1. Enter  t h e  
v a l u e s  f o r  t h e  DOC elements  a t  l o c a t i o n s  ( a )  i n  Column (1) of t h e  
Work Shee t ,  Table  3-V. Sum t h e  DOC e lements  t o  g i v e  t h e  t o t a l  
DOC, (DOC ) and e n t e r  i n  Column (1) of Table  3-V a t  l o c a t i o n  ( b ) .  BL 
2 ,  Drive r  Pa r t i a l s  . - 
A .  For Dr ive r s ,  (W/A)TpS, (W/TlME, L / D ,  and I SP - - 
GLOW 
Determine t h e  Dr iver  P a r t i a l  f o r  each Dr iver  Parameter and DOC 
element u s ing  t h e  Driver P a r t i a l  equa t ions  i n  Table  3-11. 
NOTE: Table  3-11 g ives  values  t o  use  f o r  P .  = ADriver/Driver ,  
t h e  p r o p o r t i o n a l  improvement i n  each Dr iver  w h c h  l i n e a r i z e s  t h e  
Dr iver  P a r t i a l s  about  t h e  g iven  va lues  of P j .  These va lues  of P j  
r e s u l t  i n  a good approximation (accurac ies  c o n s i s t e n t  w i th  t h e  
method) t o  t h e  Dr iver  Pa r t i a l s  f o r  p r o j e c t e d  improvements as 
fo l lows  . 
j 9  
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TABLE 3-111.- INPUT DATA REQUIRED FOR METHOD MODULE 3 
Symbol 
) r iver  
'ar ame t-er 
ISP 
L/D 
wAF / GLOW 
LTPS 
@/A) TPS 
k h e r  Vehicle 













y e a r  
kg/m2 ( l b / f t 2 )  
Parameter 
Main engine  s p e c i f i c  impulse (vacuum) 
Li f t -drag  r a t i o  (hypersonic)  
Airframe weight f r a c t i o n  
Thermal p r o t e c t i o n  system l i f e  
Thermal p r o t e c t i o n  system average 
weight per  u n i t  area 
Weight t o  t h r u s t  r a t i o  f o r  main 
engines  
T o t a l  area of s u r f a c e  p r o t e c t e d  by 
TPS 
*Area of s u r f a c e  p r o t e c t e d  by TPS 
a g a i n s t  t empera ture ,  i 
*Maximum tempera ture  of  s u r f a c e  
area, A i 
Gross l i f t  -0 f f weight 
P r o p e l l a n t  f a c t o r ,  r a t i o  of propel-  
l a n t  used by main engines  t o  t o t a l  
p r o p e l l a n t s  on-board 
Mixture  r a t i o  f o r  main engine  pro- 
p e l l a n t s  LO2 t o  LH2, by weight 
- -- 
*These t e r m s  r e q u i r e d  &3r p r i c i n g  t h e  TPS,  u s i n g  formula i n  Appendix 3-C, 




























p I r r \  
"GLOW 















Number of main engines  
Number of t u r b o j e t  engines  
3pe ra t iona l  range  
r i m e  of f l i g h t  
Yain engine  t h r u s t  (vacuum), p e r  
engine 
r u r b o j e t  engine  t h r u s t  (SL s t a t i c )  
p e r  engine 
r h r u s t  to weight ratio a t  l i f t - o f f  
Avionics weight  f r a c t i o n  
Equipment and subsystem weight 
f r a c t i o n  
Payload weight  f r a c t i o n  
Tota l  on-baord p r o p e l l a n t  weight 
f r a c t i o n  
S t r u c t u r e  weight  f r a c t i o n  
TABLE 3-1V.-  COST AND OPERATIONAL FACTORS REQUIRED FOR 
SOLUTION FOR DOC AND DRIVER PARTIAL FORMULAS 
Symbol 




C ~ ~ / G L O W  











F l i g h t s  
% / l o o  
%/ 100 
Par  a m e  t e r - 
Zat io ,  c o s t  of a v i o n i c s  t o  g r o s s  l i f t -  
3f f weight 
h a t i o ,  c o s t  of BGT ( t o t a l )  t o  g r o s s  
Li f t -of f  weight 
Rat io ,  c o s t  of equipment and sub- 
systems, (excl .  main engines ,  turbo-  
j e t s ,  TPS, and a v i o n i c s )  t o  g r o s s  
l i f t - o f f  weight  
Rat io ,  c o s t  of  main engines  per  BGT 
t o  Gross l i f t - o f f  weight  
Ratio,  c o s t  of s t r u c t u r e  t o  g r o s s  
l i f t - o f f  weight 
R a t i o ,  c o s t  of t u r b o j e t  engine set  
per  BGT t o  g r o s s  l i f t - o f f  weight 
R a t i o ,  c o s t  of thermal  p r o t e c t i o n  
system t o  g r o s s  l i f t - o f f  weight 
Cost per  u n i t  weight of l i q u i d  
hydrogen p r o p e l l a n t  
d 
Cost per  u n i t  weight of l i q u i d  
oxygen p r o p e l l a n t  
Mean number of  f l i g h t s  between main 
engine overhaul  
Annual i n s u r a n c e  ra te  
Average load  f a c t o r  




Value f o r  Use, 
u n l e s s  s p e c i f i -  
ed o t h e r w i s e  by 
Module 1 (See 
Appendix (C)) 
U s e  c o s t  
e s t i m a t i n g  
r e l a t i o n -  
s h i p s  i n  
Appendix C ,  
o r  o t h e r  








TABLE 3-1V.- COST AND OPERATIONAL FACTORS REQUIRED FOR SOLUTION 








Uni ts  
$/hour 





Average l a b o r  rate f o r  a l l  
maintenance personnel  
Rat io ,  c o s t  of  overhaul  t o  i n i t i a l  
c o s t  of main engines  
BGT u t i l i z a t i o n  
Launch azimuth 
(North = 0",  East = 9 0 ° ,  . . .> 
L a t t i t u d e  of launch 
F r a c t i o n  of o r i g i n a l  TPS manu- 
f a c t u r i n g  c o s t  requi red  p e r  f l i g h t  
FOR TPS maintenance 
Unless s p e c i f  i- 






TABLE 3 - V . -  WORK SHEET 
DOCMIME 
Dr ive r  P a r t i a l  
Driver  P a r t i a l  x DOCMlME 
IDriver P a r t i a l  x DOC C 
Driver P a r t i a l  
Driver P a r t i a l  x DOCI 
DOCD 
Driver  P a r t i a l  
Driver P a r t i a l  x DOCD 
DocM/AF/L 
Driver  P a r t i a l  
Driver  P a r t i a l  x DOCMlAFlL 
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Note: P a r e n t h e t i c a l  
e n t r i e s  (a ) ,  ( b ) ,  . . 
a r e  c o r r e l a t e d  t o  procedures .  
TABLE 3-V.- WORK SHEET - C o n c l u d e d  
C o l u m n  -+ 
D ° C ~ / ~ ~ ~  
D r i v e r  P a r t i a l  
D r i v e r  Pa r t i a l  x DOC 
M/ TP S 
B a s e l i n e  
DOC 
V a l u e s -  
T o n - M i l e  
.$ per  
(1) 
D ° C ~ / ~ ~  
D r i v e r  P a r t i a l  
D r i v e r  Pa r t i a l  x DOC 
M / T J  
D r  : 
- (f) 
GLOW T P S  




C ( D r i v e r  Pa r t i a l  x DOCl)  
D r i v e r  Pa r t i a l  ( t o t a l )  
(= C ( D r .  Par t ia l  x DOCi) 
/DO CBL) 
I 
I D r i v e r  Pa r t i a l s  f o r  







For Dr iver :  
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Imp rovemen t P .j 
t o  15% 0 t o  -0.15 'AF 
(W/A) TPS t o  20% 0 t o  -0.20 
(W/TIME t o  20% 0 t o  -0.20 
L/ D t o  20% 0 t o  +0.20 
t o  3% 0 t o  +0.03 I SP 
For p r o j e c t e d  improvements g r e a t e r  t h a n  t h e  above amounts, o b t a i n  
t h e  v a l u e  of t h e  p r o j e c t e d  improvement (ADriver lDriver)  from t h e  
o u t p u t  of Module 5 f o r  use  i n  t h e  Driver P a r t i a l  equat ions .  
Compile t h e  r e s u l t s  i n  columns ( 2 )  through (6)  of t h e  Work 
Sheet, Table  3-V,  u s i n g  t h e  fo l lowing  s t e p s :  
o Enter  t h e  Dr iver  Pa r t i a l s  from t h e  s o l u t i o n s  of t h e  
Dr iver  P a r t i a l  equat ions  i n  columns ( 2 )  through (6), 
l o c a t i o n s ( c ) ,  f o r  each Driver and DOC element .  
o C a l c u l a t e  (Driver  P a r t i a l )  x DOCi f o r  each Driver 
and DOC element ( i )  a t  l o c a t i o n s  (d) , 
o Sum t h e  v a l u e s  of (Driver  P a r t i a l )  x D O C i  f o r  each 
of t h e  Driver P a r t i a l s  and e n t e r  t h e  t o t a l  i n  t h e  
second l i n e  from t h e  bottom of  t h e  Work Sheet ( e ) .  
o C a l c u l a t e  t h e  Dr iver  P a r t i a l  t o t a l  f o r  each Driver by 
d i v i d i n g  t h e  e n t r i e s  of ( e )  above by t h e  b a s e l i n e  DOC 
t o t a l  (DOCBL), and e n t e r  a t  t h e  bottom of t h e  Work 
Sheet ( f ) .  
B. For t h e  Driver L - TPS 
I n  t h i s  case, a n  approximation f o r  t h e  p r o p o r t i o n a l  improve- 
ment i n  t h e  Driver, 
cannot  b e  used because o f  t h e  p o t e n t i a l  v a r i a t i o n  i n  t h e  p r o j e c t e d  
magnitude of t h e  improvements. 
Carry t h e  fo l lowing  formula f o r  t h e  Driver Pa r t i a l  t o t a l  forward 
t o  Module 6 where i t  i s  t o  b e  evaluated u s i n g  t h e  p r o j e c t i o n  of 
t h e  improvement i n  t h e  Driver L from Module 5 .  TP S 
1 
= [ YrPS LTpSl + LTp  +-iLTP) p 2 ; : p s )  
(Note t h a t  ADOCBL = ADOC,/,ps because t h e  Driver L ~ p s  appears  
o n l y  i n  t h e  DOC formula D O C M / ~ ~ ~ .  
Driver L ~ p s . 1  
Other A D O C i  = 0 f o r  t h e  
Output Data 
The o u t p u t  d a t a  r e q u i r e d  from Module 3 and c a r r i e d  forward t o  Module 6 
i n c l u d e s  DOCBL, and t h e  Driver P a r t i a l s  ( t o t a l s )  t aken  from t h e  bottom of  
t h e  Work Shee t ,  Table  3-V. In  a d d i t i o n ,  t h e  Driver P a r t i a l  e q u a t i o n  f o r  t h e  
p r o j e c t e d  improvement i n  L 
I Driver LTPS is  c a r r i e d  forward so  t h a t  i t  can b e  eva lua ted  u s i n g  t h e  a c t u a l  
TPS’ 
ALTPS = -  P 
LTPS LTPS ’ 
from Zodule 5. The v a l u e  of i s  als’o c a r r i e d  for i  
TPS. f o r  s o l u t i o n  of t h e  Driver P a r t i a l  equat ion f o r  L 
a rd -  and is  r e q u i r e d  
Table  3-VIY completed w i t h  t h e  above d a t a ,  c o n s i t u t e s  t h e  o u t p u t  of 
Module 3 and is  t o  be  forwarded t o  t h e  P r o j e c t  O f f i c e .  
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TABLE 3-VI.- OUTPUT DATA FROM MODULE 3 
"%/TPS 
B a s e l i n e  DOC 
c /  t o n - m i l e  
D ° C ~ ~  
D r i v e r  Par t ia l s  f o r  D r i v e r s :  
I S P  
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DEMONSTRATION 
This  s e c t i o n  provides  an  i l l u s t r a t i o n  of how t h e  procedures  of t h i s  
Method Module are t o  be app l i ed .  
Input  Data 
The "Input Data'' requi rements  are taken from t h e  ou tpu t  of t h e  Demon- 
s t r a t i o n  s e c t i o n  of Module 2 of t h i s  r e p o r t ,  "Base l ine  BGT D e f i n i t i o n , "  
( r e f e r e n c e  Table  2 - V I ) .  
i n  Table  3-VII. 
The inpu t  d a t a  v a l u e s  f o r  t h e  module are  g iven  
Procedures 
The f i r s t  s t e p  i n  t h e  procedure i s  the  s o l u t i o n  of t h e  DOC equa t ions .  
A s  t h e s e  are so lved ,  t h e  results are en te red  i n  column (1) of t h e  Work Sheet 
which is i l l u s t r a t e d  'in Table V I I I .  For example, t h e  f irst  DOC equa t ion  is 
DOC p r o p e l l a n t .  
The s o l u t i o n  of t h e  DOC p r o p e l l a n t  (DOCp) equa t ion  g i v e s  a v a l u e  of 
$0.59 per  ton-mile d i r e c t  o p e r a t i n g  c o s t  f o r  f u e l .  DOCp and t h e  v a l u e s  
de r ived  from t h e  o t h e r  DOC equa t ions  are en te red  i n  column (1) of t h e  Work 
Shee t ,  Table  3-VIII, and summed, g i v i n g  a t o t a l  DOCBL f o r  o p e r a t i n g  t h e  
b a s e l i n e  BGT a i r c r a f t  of 1.838 $ / t o n - s t .  m i l e .  
Values f o r  a l l  parameters r e q u i r e d  f o r  s o l u t i o n  of t h e  equa t ions  are  
e i t h e r  i n p u t s  t o  t h e  Method Module ( r e fe rence  Table  3-VII) o r  a n  appropr i -  
a te  v a l u e  is  g iven  i n  Table  3 - I V  and Appendix 3-C. 
The n e x t  s t e p  i n  t h e  Method Module procedure i s  t h e  s o l u t i o n  of t h e  
Dr ive r  P a r t i a l  equa t ions  except t h a t  f o r  t h e  Dr iver  LTPS. 
so lved  i n  a manner similar t o  t h e  DOC equat ions  wi th  i n p u t s  from Tables 
3-VI1 o r  3-IV. 
These have been 
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TABLE 3-VI1.- INPUT DATA REQUIRED FOR METHOD MODULE 3 - 






WAF / GLOW 












l b f  -sec 




500 f l i g h t s  
5 .1  kg/m2(1.09 l b / f t 2 )  
0.00137 kg/N (0.01347) 
4653 m2 (47 920 f t 2 )  
736 m2 (7924 f t 2 )  
L182 m2 (12 750 f t 2 )  
675 m2 (7288 f t 2 )  
L555 m2 (16 770 f t 2 )  
L600-1800 K - 
(2500-2800 O F )  
(1500-2500 O F )  
(800-1500 OF) 
(0-800 OF) 
L100-1600 K - 
700-1100 K - 
250-700 K - 
Parameter 
Main engine  s p e c i f i c  impulse 
(vacuum) 
Li f t -drag  r a t i o  (hypersonic)  
Airframe weight f r a c t i o n  
Thermal p r o t e c t i o n  system l i f e  
Thermal p r o t e c t i o n  system average  
weight p e r  u n i t  area 
Weight t o  t h r u s t  r a t i o  f o r  main 
engines  
T o t a l  area of s u r f a c e  p r o t e c t e d  by 
TP S 
*Area of s u r f a c e  p r o t e c t e d  by'TPS 
a g a i n s t  t empera ture ,  T~~ T ~ ,  T ~ ,  T~ 
*Maximum temperature  of s u r f a c e  
area, 1, 2 ,  3 ,  4 
*These terms r e q u i r e d  f o r  p r i c i n g  TPS u s i n g  formula i n  Appendix C y  
i f  d e s i r e d .  
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TABLE 3-VI1.- INPUT DATA REQUIRED FOR METHOD MODULE 3 - DEMONSTRATION 




















1 814 400 kg - 





i i  190 km - 
(10 680 s t , - m i l e s )  
1 . 4  h r  
1 856 000 N - 
(417 300 l b )  
200 200 N - 
(45 000 l b )  








P a r ame t e r 
G r o s s  l i f t - o f f  weight 
Propel lan t  f a c t o r ,  r a t i o  of propel-  
l a n t  used by main engines  t o  t o t a l  
p r o p e l l a n t  on-board 
Mixture r a t i o  f o r  main engine  pro- 
p e l l a n t s  LO2 t o  LHp, by weight 
Number of main engines  
Number of t u r b o j e t  engines  
Operat ional  range 
T i m e  o f  f l i g h t  
Main engine  t h r u s t  (vacuum) per  
engine 
Turbojet  engine  t h r u s t  (SL s t a t i c )  
per engine 
Thrust t o  weight r a t i o  a t  l i f t - o f f  
Avionics weight f r a c t i o n  
Equipment and subsystems weight 
f r a c t i o n  
Payload weight f r a c t i o n  
Total  on-board p r o p e l l a n t  weight 
f r a c  t i o n  
Primary s t r u c t u r e  weight  f r a c t i o n  
F r a c t i o n  of mfg. c o s t  p e r  f l i g h t  f o r  
maintenance 
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TABLE 3-VII1.- WORK SHEET - DEMONSTRATION DATA (Reference TABLE 3-V) 
















Driver  P a r t i a l s  f o r  


















Driver  P a r t i a l  
Dr iver  P a r t i a l  x DOCp 
~~ ~~ 
DOCC 
Dr iver  P a r t i a l  
Driver P a r t i a l  x DOC 
DOCI 
Driver P a r t i a l  
Driver P a r t i a l  x DOCI 
DOCD 
Driver P a r t i a l  



















































































Driver P a r t i a l  














Driver  P a r t i a l  
Dr iver  P a r t i a l  x D O s l M E  
DocM/TPS 
Dr iver  P a r t i a l  
Driver  P a r t i a l  x DOCMlTps 






TABLE 3-VII1.- WORK SHEET - DEMONSTRATION DATA 
(Reference TABLE 3-V) - Concluded 
Base l ine  
DOC 
Driver  P a r t i a l s  f o r  
Dr iver  Parameters 
d Column + 
D ° C ~ / ~ ~  
Driver P a r t i a l  








- - - 
4.37 1.11 1.38 
0.006 0.001 0.002 
8.037 2.035 2.531 




C (Driver P a r t i a l  x DOC ) i 
- 
-18.18 -. 023t 
~~ 
Driver P a r t i a l  ( t o t a l )  







4.37 1.11 1.38 
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For example, f o r  t h e  Driver, WAF/GLOW, ( a i r f r a m e  weight f r a c t i o n ) ,  t h e  
i n i t i a l  Dr iver  Pa r t i a l  equa t ion  is: 
ADOC,/DOC, 
P 
Using the  v a l u e  
t h e  i n i t i a l  Dr iver  equa t ion  g i v e s  a v a l u e  of  
WAF = -0.1 g iven  i n  t h e  Procedures s e c t i o n ,  t h e  s o l u t i o n  t o  
A D O C ~ / D O C ~  
A (WAF/GLOW) / (WAF/GLOW) = 4.37, 
which i n d i c a t e s ,  f o r  example, t h a t  a 10% d e c r e a s e  i n  t h e  Driver, WAF/GLOW, 
would y i e l d  a 43.7% dec rease  i n  ADOCp. The v a l u e  of t h e  D r i v e r . P a r t i a 1  i s  
e n t e r e d  i n  column ( 2 )  of t h e  Work Sheet (Table 3-VIII) f o r  DOCp. The o t h e r  
Driver Par t ia ls  are e n t e r e d  i n  t h e  Work Sheet i n  a similar manner, The 
Driver Par t ia l s  are m u l t i p l i e d  by t h e  a p p r o p r i a t e  DOC v a l u e s .  The p roduc t s  
are summed and en te red  a t  t h e  bottom of t h e  Work Shee t ,  The sums are  then  
d iv ided  by DOCBL t o  g i v e  t h e  Driver Pa r t i a l  ( t o t a l )  f o r  each Dr ive r  a t  t h e  
bot tom of t h e  Work Sheet, 
Output Data 
The demonst ra t ion  v a l u e s  f o r  t h e  ou tpu t  d a t a  from Module 3 are i l l u s t r a t -  
















TABLE 3 - I X . -  OUTPUT FROM MODULE 3 - DEMON- 
STRATION DATA (Reference TABLE 3-VI) 
B a s e l i n e  DOC 
C/ton-mile 
D ° C ~ ~  
1.838 
' O C ~ / ~ p s  
0.806 
Driver  P a r t i a l s  f o r  Dr ivers  t 
4 . 3 7  1.11 1.38 -3.17 
LTPS ' Driver  P a r t i a l  equa t ion  f o r  D r i v e r ,  
ADOC /DOCBL 
ALTP SlLTPS 
- BL I k l l  YrPS +LTpS 




A comparison i s  made of t h e  DOC v a l u e s  computed f o r  t h e  demonst ra t ion  
BGT b a s e l i n e  i n  Table  3-X. The DOC v a l u e s  f o r  t h e  subsonic  a i r c r a f t  and t h e  
hypersonic  a i r c r a f t  are taken  from r e f e r e n c e  1. A l l  t h e  v a l u e s  are computed 
a t  a 60% load  f a c t o r .  
Corresponding va lues  on a per  seat m i l e  b a s i s  can  b e  computed by d iv id -  
i n g  t h e  C per  ton-mile f i g u r e s  by 9 t o  conver t  t o n s  of payload t o  equ iva len t  
t o t a l  l b s  p e r  seat ( ~ 2 2 2  l b s )  and m u l t i p l y i n g  by 0 . 6  t o  compensate for t h e  
f a c t  that t h e  above va lues  are a l l  based on a 60% load  f a c t o r .  Usage of t h e  
term "seat  m i l e s "  imp l i e s  a l l  seats occupied,  "Passenger m i l e s ' '  i m p l i e s  u se  
of a load  f a c t o r ,  i .e . ,  average  p r o p o r t i o n  of seats occupied,  
c o s t s  per  seat m i l e  f o r  t h e  v e h i c l e s  i n  Table  3-X are: 
The t o t a l  
Subsonic (747 c l a s s )  - 0.84~ 
HST - 3.12 
BGT - 12.3 
3- 30 




















































The purpose of t h i s  s e c t i o n  i s  t o  d i s c u s s  t h e  s e n s i t i v i t y  of t h e  method 
t o  t h e  s e l e c t i o n  of v a l u e s  f o r  t h e  c o s t  and o p e r a t i o n a l  f a c t o r s  p re sen ted  i n  
Table  3-IV which are  t r e a t e d  as c o n s t a n t s  i n  t h e  DOC and Driver P a r t i a l  
equat ions ,  
A comparison of D O C B ~  and Driver P a r t i a l s  is presen ted  i n  Table  3-XI 
computed us ing  t h e  va lues  of t h e  c o s t  and o p e r a t i o n a l  f a c t o r s  g iven  i n  
Table  3-IV and us ing  t h e  percentage  r e v i s i o n  i n  t h e s e  f a c t o r s  g iven  i n  
Table  3-XI. 
The magnitude of DOCBL is, of cour se ,  g r e a t l y  in f luenced  by t h e  v a l u e s  
The v a l u e s  of t h e  
set on the  c o s t  and o p e r a t i o n a l  f a c t o r s ;  however, t h e  method is  concerned 
wi th  t h e  change i n  DOC r e l a t e d  t o  Technology Parameters ,  
Driver P a r t i a l s  are r e l a t i v e l y  c o n s t a n t  f o r  changes i n  t h e  c o s t  and oper-  
a t i o n a l  f a c t o r s  and where t h e r e  are changes i n  t h e  magnitude of t h e  Driver 
Partials, t h e i r  r e l a t i v e  magnitude ( rank  o r d e r )  is f a i r l y  c o n s t a n t .  A s  a 
consequence, t h e  r e l a t i v e  importance of Rr ive r  Parameters and, i n  t u r n ,  
Technology Parameters as i n d i c a t e d  by t h e  method i s  r e l a t i v e l y  i n s e n s i t i v e  
t o  t h e  s e l e c t i o n  of va lues  f o r  t h e  c o s t  and o p e r a t i o n a l  f a c t o r s .  
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TABLE 3-XI.-  SENSITIVITY OF DOC AND DRIVER PARTIALS 
TO COST AND OPERATIONAL FACTORS 
Rev. i n  
F a c t o r  
% 
D ° C ~ ~  b j t i a r  f o r  
ME L/D 
)rivers : q-z Driver (')TP S 'AF - GLOW $ / ton  st .mile Cost and Opera t iona l  F a c t o r  
1 Values from Table  
3- I V  
Revised v a l u e  i n  
f a c t o r :  
(None) 1.838 4.37 1.11 -18.25 -0.04 
iver P r t i a l )  -4- (Per : en tage  1.930 
C BGT /GLOW 
cE /GLOW 
C ~ ~ / G L O W  
C /GLOW 







1.. 7 4 5- 
1.840 




















cH 1.. 776 










I R  1.810 














1.604 0 U 2.072 
2. a 0 1  
2.219 
0 0 = 270°(W) 
8 = 60"(Lat.) 0 
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DERIVATION OF DOC FORMULAS 
I 
The development of t h e  DOC formulas  is based on t h e  ground r u l e s  f o r  
I t h e  BGT o p e r a t i o n  and c o s t i n g  p resen ted  i n  Table  3-A-I. 
The A i r  Transpor t  Assoc ia t ion  of America (ATA) p r e s e n t s  procedures  f o r  
o rgan iz ing  and e s t i m a t i n g  DOC f o r  commercial a i r p l a n e s  ( r e f e r e n c e  2 ) .  The 
DOC formulas  developed i n  t h e  p re sen t  s tudy are organized  i n  a manner 
g e n e r a l l y  c o n s i s t e n t  w i th  t h e  ATA method. 
been developed i n  Module 2 wi th  d i r e c t  a p p l i c a t i o n  t o  t h e  BGT c o n f i g u r a t i o n .  I I C r e w ,  i n su rance ,  d e p r e c i a t i o n ,  a i r f r a m e  maintenance, and t u r b o j e t  engine  
maintenance c o s t s  are based on ex tens ions  of t h e  ATA method t o  t h e  BGT case. 
1 A f u r t h e r  s u b d i v i s i o n  of maintenance c o s t s  h a s  been made t o  inc lude  main 
engine  maintenance and thermal  p r o t e c t i o n  system maintenance, 
lat ter two c a t e g o r i e s  have been based on Space S h u t t l e  program c o s t  estimates 
(proposa l  p e r i o d )  wi th  t h e  i n t r o d u c t i o n  of a 90% l e a r n i n g  curve  f a c t o r  
a p p l i c a b l e  t o  100 u n i t s  and wi th  t h e  i n t r o d u c t i o n  of judgment-based f a c t o r s  
t o  make t h e  c o s t s  a p p l i c a b l e  t o  a commercial o p e r a t i o n  as opposed t o  t h e  
proposed S h u t t l e  space  f l i g h t  o p e r a t i o n .  
j 
Fuel  c o s t s  are based on t h e  
t 
, u n i t  c o s t  of f u e l  t i m e s  t h e  q u a n t i t y  used. The q u a n t i t y  t o  b e  used h a s  
DOC f o r  t h e  
The DOC formulas  g i v e  DOC i n  u n i t s  of d o l l a r s  pe r  t o n  s t a t u t e  m i l e  
c o n s i s t e n t  w i t h  c u r r e n t  a i r l i n e  i n d u s t r y  usage. A l l  c o e f f i c i e n t s  are 
g iven  i n  t h e  Engl ish system i n  t h i s  appendix. 
I The development of t h e  DOC formulas  a r e  i n i t i a l l y  expressed i n  terms 
of c o s t  pe r  f l i g h t ,  
duc t ion  of t h e  terms: 
These are converted t o  c o s t  pe r  t o n  m i l e  by t h e  i n t r o -  
LF = l o a d  f a c t o r ,  W = payload, and R = o p e r a t i o n a l  range ,  PL 
i n  t h e  denominator wi th  a p p r o p r i a t e  cons t an t s  t o  g i v e  DOC i n  c / t o n  s t a t u t e  
m i l e .  
GLOW (gross- l i f t -of f -weight )  i n  o r d e r  t o  normalize t h e  weight  terms. 
The numerator and denominator of  t h e  formulas  have been d iv ided  by 
P rope l l an t  Cost, P 
The c o s t  of p r o p e l l a n t  per  f l i g h t  i s  expressed simply as t h e  u n i t  c o s t  
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('H + '0 (m)) 'PT 
.(W + 1 GLOW 20co DOCp = 
LF (WpL/GLOW) RT 
\ p l R )  1 nnr = 
G ) - -  
W /GLOW = p r o p e l l a n t  weight f r a c t i o n  ( t o t a l  p r o p e l l a n t  on-board) 
pT 
cH 
= c o s t  of l i q u i d  hydrogen, $ / l b  
= c o s t  of l i q u i d  oxygen, $ / l b  cO 
MR = mixture  r a t i o  oxygen t o  hydrogen 
The term[CH + CO (MR]/KMR) + 1]is t h e  weighted average  u n i t  c o s t  of t h e  
hydrogen and oxygen p r o p e l l a n t  on-board. 
hydrogen p r o p e l l a n t  on ly ,  i t  was found tha t  p r i c i n g  t h e  t u r b o j e t  p r o p e l l a n t  
s e p a r a t e l y  had a n e g l i g i b l e  impact on DOCp; t h e r e f o r e ,  a l l  p r o p e l l a n t  i s  
p r i c e d  a t  t h e  weighted average c o s t .  
Although t h e  t u r b o j e t s  w i l l  u se  
C r e w  Cost ,  C 
C r e w  c o s t s  i nc lude  crew s a l a r y ,  f r i n g e  b e n e f i t s ,  t r a i n i n g  programs, 
and travel expense,  It is  assumed t h a t  t h e  BGT w i l l  have a crew of t h r e e  
which is  t h e  number assumed f o r  t h e  HST ( r e fe rence  1). Stewardess '  c o s t s  
a s soc ia t ed  w i t h  passenger  a i r l i n e s  are c l a s s i f i e d  as a "Passenger Serv ice"  
c o s t  which i s  an i n d i r e c t  o p e r a t i n g  c o s t  under CAB c l a s s i f i c a t i o n  and not  
p a r t  of DOC. 
The fo l lowing  annual  crew s a l a r i e s  a re  p o s t u l a t e d :  
Subsonic 
(747 c l a s s . )  HST BGT 
P i l o t  $ 4 5 , 0 0 0  $ 5 4 , 0 0 0  $60,000 
1st o f f i c e r  40,000 50,000 55,000 
2nd o f f i c e r  40,000 . 46JOOO 53,000 
$.125,000 $150,000 $168,000 
3 4 - 3  
An a d d i t i o n a l  30% i s  t o  be  inc luded  f o r  f r i n g e  b e n e f i t s ,  t r a i n i n g ,  and 
travel expense, 
For t h e  subsonic  (747 c lass . ) ,  i t  i s  assumed t h a t  t h e  crew f l i e s  50 
b lock  hours per month = 600 hours  per  yea r ;  (block h o u r =  f l i g h t  t i m e  p l u s  
t ax i  t ime,)  Then (1.30 x $125,000)/600 - $ 2 7 1  per  b lock  hour ,  which com- 
pa res  favorably wi th  $275 per  b lock  hour f o r  commercial 747  crews f o r  t h e  
f i r s t  9 months of 1972 ( r e f e r e n c e  3 ) .  
For t h e  BGT, i t  i s  assumed t h a t  t h e  crew f l i e s  approximately 25 hours  
pe r  month. Assumptions t h a t  subsonic  crews work 5 hours  f o r  4 hours  of 
f l i g h t  (i.e., s i g n  i n  one hour b e f o r e  f l i g h t ) ,  t h a t  BGT crews work 4 hours  
f o r  1 .5  hours of  f l i g h t ,  g i v i n g  c o n s i d e r a t i o n  t o  t h e  longe r  pre- launch 
service and checkout t i m e  p l u s  p r e f l i g h t  p r e p a r a t i o n ,  and t h a t  BGT crews 
work t h e  same t o t a l  number of hours  as t h e  subsonic  crews would r e s u l t  i n  
BGT crews f l y i n g  23.4 hours  p e r  month which has  been rounded t o  25 hours  
p e r  month o r  300 hours  p e r  yea r .  Then, BGT crew c o s t s  are: 
x- s168yooo X $728 per  f l i g h t  hour 300 h r s .  
Assuming an  average of t hours  pe r  f l i g h t  F 
$728 x t, x 2000/GLOW 
Insurance  Cos t ,  I 
Insurance c o s t  covers  i n su rance  of t h e  f l i g h t  v e h i c l e  i t s e l f  and is 
ca l cu la t ed  simply as an annual  rate t i m e s  t h e  a c q u i s i t i o n  c o s t  of t h e  
v e h i c l e ,  
3-A-4 
Annual i n su rance  c o s t  = I R  (CBGT) 
where 
I 
I R  = t h e  annual  i n su rance  r a t e  
= c o s t  of t h e  f l i g h t  v e h i c l e  ‘BGT 
Then, f o r  t h e  BGT, 
where 
U = u t i l i z a t i o n  of t h e  a i r c r a f t  i n  f l i g h t  hours  pe r  year  
average  hours  per  f l i g h t  
U ( % / t F )  = miles flown per  year  
Deprec ia t ion  C o s t ,  D 
Deprec ia t ion  c o s t  is  an expense provided t o  recover  t h e  o r i g i n a l  
a c q u i s i t i o n  c o s t  of t h e  f l i g h t  v e h i c l e ,  plus  t h e  i n i t i a l  s t o c k  of spare 
p a r t s ,  over  a n  ass igned  d e p r e c i a t i o n  l i f e  of t h e  v e h i c l e .  (Subsequent 
purchase of s p a r e s  t o  r e p l a c e  s p a r e s  used from t h e  i n i t i a l  s t o c k  are a 
maintenance expense.) The ATA formula inc ludes  10% of t h e  a i r  v e h i c l e  
c o s t  less engines  plus 40% of t u r b o j e t  engine costs  f o r  t h e  i n i t i a l  spares 
s tock .  For t h e  BGT, assume 40% of t h e  m a i n  engine  c o s t  f o r  i n i t i a l  s p a r e s  
s t o c k  bu t  on ly  10% of t h e  t u r b o j e t  engines  because of t h e  l i m i t e d  u s e  of t h e  
t u r b o j e t s .  
Then, 
1.1 CBGT + 0.3 CME 
d e p r e c i a t i o n  c o s t  p e r  year  = 
Ld 
where 
CME = c o s t  of t h e  main engines ,  
Ld = ass igned  d e p r e c i a t i o n  l i f e ,  years  
$ 
3-A-5 
D i v i d  ing by, 
RT 
tF 
-(U> = m i l e s  flown per  y e a r s ,  
and with t h e  payload terms, 
/GLOW + 0 . 3  CME/GLOW) tF 2000 
DOCD = (LF)(WpL/GLOW) RT u Ld 
CBGT/GLOW + 600 s E / G L O W  tF 
(LF)(W /GLOW) % U Ld DOCD = 
PL 
Airframe Maintenance Labor, M/AF/L 
Airframe maintenance as used h e r e  i n c l u d e s  t h e  s t r u c t u r e  and equipment 
and subsystems e x c l u s i v e  of main eng ines ,  t u r b o j e t  eng ines ,  and t h e  thermal  
p r o t e c t i o n  system i n s u l a t i o n .  
The ATA formula g ives  t h e  fo l lowing  f o r  maintenance l a b o r  of a i r -  
planes less engines  : 
1000 + I 2 O  
+ 6 - = 0.05 -[ 1000 MMH F l i g h t  Cycle 
p l u s  : 
- r 
1 MMH MMH F l i g h t  Hour ' -  = Oe5' L F l i g h t  Cycle 
where 
MMH = maintenance manhours 
WAF = a i r c r a f t  weight exc luding  eng ines  
M = Mach no. 
3 -A- 6 
The ATA a p p l i e s  t h i s  formula t o  both  subsonic  a i r c r a f t  and SST c l a s s  
I a i r c r a f t  w i t h  M set = 1 f o r  subsonic  a i r c r a f t .  It w a s  judged t h a t  t h e  
I term Milh provided a s u i t a b l e  complexity f a c t o r  f o r  a p p l i c a t i o n  of t h e  formula t o  t h e  hypersonic  t r a n s p o r t  HST ( r e fe rence  1) and w i l l  a l s o  be 
s u i t a b l e  f o r  t h e  BGT. 
Cons ider ing  t h e  average  Mach no. f o r  t h e  BGT t o  be ,  
1 2  1 2  000 m i l e s  1.5 h r s  (680 mi /hr )  
RT I - 
average  tF 680 M 
and us ing  as t h e  complexity f a c t o r ,  we have 
I  
I 
Complexity - Mach Fac tor  
Sub s o n i c  1 1 
SST 2.7 1.64 
HST 6 2.45 
BGT 1 2  3.46 
I This  seems t o  y i e l d  a r easonab le  f a c t o r  f o r  t h e  BGT. 
I n  app ly ing  t h e  formula t o  t h e  BGT, i t  further s e e ~ s  r e z s m ~ b l e  te 
I m u l t i p l y  t h e  f l i g h t  hour - r e l a t ed  p o r t i o n  of t h e  formula by a f a c t o r  of 2 
t o  a l low f o r  t h e  1 t o  2 hour p r e f l i g h t  o p e r a t i o n  of c e r t a i n  subsystems and 
t h e  r e l a t i v e l y  h ighe r  stresses on s t r u c t u r e  du r ing  f l i g h t  than  occurs  i n  
a i r p l a n e s .  
MMH 
+ tF (Fli; Hour) 
MMH = 
F l i g h t  F l i g h t  Cycle 




s t r u c t u r e ,  p l u s  WEq + WAv, weight of o t h e r  equipment and subsystems, 
6 30 
F l i g h t  (* 680 RT tF )”’ (o.5 wS+wEq+wAV 1000 - ( WS+WE +WAV = (1 + 1.2  t F )  MMH + 120 1000 
Two a d d i t i o n a l  ad jus tments  are now made. F i r s t ,  t h e  t e r m  (630/[0.001 
(Ws +  WE^ + WAV) +- 1201) reduces  t h e  c o s t  by on ly  approximate ly  10% f o r  
v e h i c l e s  t h e  s i z e  of t h e  BGT. For s i m p l i f i c a t i o n ,  i t  i s  r ep laced  by a 
f a c t o r  of  0.9. Second, t h e  a d d i t i o n a l  weight of t h e  BGT a i r f r a m e  over  
subsonic  a i r c r a f t  f o r  which t h e  formula w a s  developed i s  p r i m a r i l y  i n  
s t r u c t u r e  and p r o p e l l a n t  t anks  which w i l l  have p r o p o r t i o n a t e l y  less 
3 -A- 7 
maintenance than  equipment and subsystems. 
pound of equipment and subsystems i s  10 t i m e s  t h a t  f o r  s t r u c t u r e ,  t h e  term 
Ws -k WEq t WAV is  rep laced  by a weighted term (0.182 [Ws + 10 (WEq + WAV)] 
t o  a l low f o r  t h i s .  
Assuming t h a t  t h e  maintenance p e r  
Then, wi th  a l a b o r  ra te  p e r  hour ,  r t h i s  becomes L’ 
- 
q + ‘AV’ ] ( 1000 . i- 6 .  rL 680- t F  RT ) ’ I 2  . 0lWs .09 (WE 
Ton m i l e  (LF) (WPL/2O0O) % 
(0.9 + 1.08 t F )  + -- 1000 Cost. f 
and f i n a l l y  
6000 0. O l W S  
wPL 1 / 2  1 / 2  
(.069 + ,083 t F )  
- 
D ° C ~ / ~ ~  / L 
(LF) RT tF 
Airframe Maintenance Material, M/AF/M 
Ai r f r ame  maintenance i s  d e f i n e d  h e r e  as it  w a s  under a i r f r a m e  maintenance 
l a b o r .  The ATA formulas f o r  t h i s  ca tegory  account f o r  c o s t s  from two 
c a t e g o r i e s  : 
c o s t  
F l i g h t  Cycle 
and 
c o s t  
F l i g h t  Hour 
‘AF 
= 6 . 2 4  - 
10 
‘AF 
= 3.08 - 
10 
where 
CAF = c o s t  of t h e  a i r p l a n e  less engines  
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A s  i n  t h e  case  of airframe maintenance l a b o r ,  it appears  reasonable  t o  
m u l t i p l y  t h e  “per f l i g h t  hour” p o r t i o n  of t h e  above by 2 t o  a l low f o r  pre-  
launch o p e r a t i o n  and h ighe r  stresses during f l i g h t ,  
Then 
c o s t  F l i g h t  = (6.16 tF + 6.24) (CAF/106) 
Combining t h i s  w i th  t h e  o t h e r  a p p r o p r i a t e  terms and r e p l a c i n g  C w i th  C + AF S 
‘Eq + ‘AV 
(12.4 tF + 12.5) (Cs + CE + CAv)/GLOW 
= 
D ° C ~ / ~ ~ / ~  ( L F ) ( W ~ ~ / G L O W )  R~ x 103 
?lain Engine Maintenance, M/ME 
The main engine  maintenance c o s t s  have been based p r i n c i p a l l y  on d a t a  
de r ived  from t h e  Space S h u t t l e  program, and d i s c u s s i o n s  wi th  Rocketdyne 
personnel  who are developing t h e  S h u t t l e  main engines .  
The eng ines  are s t a r t - l i m i t e d  because of thermal  c y c l i n g  and start  
stresses. 
machinery under high stresses, The Space S h u t t l e  Main Engines (SSME) 
s p e c i f i c a t i o n s  (proposa l  pe r iod )  cal l  f o r  100 starts and 7-1/2 hours  of 
ope ra t ion .  (At ~6 minutes per  f l i g h t  i n  t h e  BGT, 7-1/2 hours  of o p e r a t i n g  
t i m e  would g i v e  a 75 miss ion  l i f e . )  
They are o p e r a t i n g  t ime l i m i t e d  p r i m a r i l y  because of r o t a t i n g  
A t  100 miss ions  t h e  SSME r e q u i r e s  overhaul  maintenance a t  an es t imated  
c o s t  of approximately 28% of o r i g i n a l  cost, n e a r l y  h a l f  of which i s  i n  
i n s p e c t i o n  and r e q u a l i f i c a t i o n  and acceptance tes t ,  
P e r i o d i c  scheduled maintenance b e f o r e  overhaul  has  been e s t ima ted  f o r  
t h e  SSME a t  100 manhours pe r  Shu t tde  f l i g h t  ( 3  engines)  which covers  
i n s p e c t i o n ,  au tomat ic  checkout ,  d a t a  a n a l y s i s ,  and c o r r e c t i v e  a c t i o n s .  
The f i g u r e s  are doubled t o  cover  unscheduled maintenance requirements  and 
$1500 p e r  f l i g h t  is  added t o  cover t h e  cost  of materials. 
For t h e  purposes  of a p p l i c a t i o n  t o  the  BGT, t h e  fo l lowing  c o n s i d e r a t i o n s  
and ad jus tments  have been made. 
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The overhaul  c o s t s  are es t imated  a t  15% of a c q u i s i t i o n  c o s t s  based on t h e  
cons ide ra t ion  t h a t  t h e  28% f i g u r e  is  based on today’s  p o l i c y  wi th  r e s p e c t  t o  
q u a l i t y  c o n t r o l ,  i n s p e c t i o n ,  t e s t ,  and acceptance  procedures ,  It i s  e s t ima ted  
t h a t  commercial procedures  would reduce  t h e  c o s t  by a t  least one-half ,  
A term f o r  f l i g h t s  between overhaul ,  FOH, h a s  been inc luded  i n  t h e  formula;  
however, i t  is considered i t s  va lue  should be  inc reased  from ~ 1 0 0  f l i g h t s  t o  
~ 6 0 0  f l i g h t s ,  
r e p e t i t i v e  commerciaI. o p e r a t i o n  of t h e  engine  i n  f u t u r e  y e a r s .  
considered t h a t  t h e  engine maintenance o t h e r  t han  overhaul  should a l s o  b e  
reduced i n  t h e  same p ropor t ion  t o  r e f l e c t  a n t i c i p a t e d  improvement i n  a com- 
m e r c i a l  ope ra t ion ,  Other maintenance is ,  t h e r e f o r e ,  m u l t i p l i e d  by r a t i o  of 
100/600, The above is no t  i n c o n s i s t e n t  w i t h  t u r b o j e t  engine  exper ience  which 
s t a r t e d  with 500-600 hours  between planned overhauls  and moved i n  a few y e a r s  
t o  3000-4000 hour s ,  a r a t i o  of w 6  t o  1 and a comparable r e d u c t i o n  has  been 
found i n  a l l  tu rbo  j et maintenance. 
This  number w a s  sugges ted  by Rocketdyne personnel  f o r  a 
It i s  also 
F i n a l l y ,  a t h r u s t  term has  been inc luded  i n  t h e  o v e r a l l  formula t o  relate 
t h e  cost: t o  t h e  s i z e  of engines  under c o n s i d e r a t i o n ,  The t e r m  used i s  
685.6 
T~~ 
SSME Thrus t ,  lbs 
where 
= t h r u s t  (vacuum) each engine  ‘ME 
Development of a maintenance formula then  becomes, f o r  overhaul  c o s t s :  
R~~ ‘ME Overhaul C o s t / F l i g h t  = 
FOH 
where 
ROH = r a t i o  overhaul  c o s t  t o  o r i g i n a l  c o s t  of t h e  engines  
FOH = f l i g h t s  between overhaul  
CME = a c q u i s i t i o n  c o s t  of t h e  main engine  set  pe r  v e h i c l e  
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For maintenance o t h e r  t han  scheduled overhaul:  
Other C o s t j F l i g h t  = 
where 
100 manhours $1500 x 2 x r L +  3 engines  3 engines  
- ‘ME 
6 
number of engines  per  BGT %E = 
T o t a l  c o s t ,  i nc lud ing  t h e  t h r u s t  t e r m  and ton-mile terms, 
r 1 
R~~ ‘ME + (11 rL + 83) NME /685.6 
c o s t  - 1 FOH . 
Ton-mile 
I 
2.92 TME 1 I 2  [(RoH/FoH)(CME/GLOW + 11 rL + 8 3 )  NME /GLOW] 
=  do%/^^ (LF) (WpL/GLOW) RT 
Maintenance, Thermal P ro tec t ion  System, M/TPS 
The thermal  p r o t e c t i o n  system which covers  t h e  s u r f a c e  of t h e  v e h i c l e  
provides  two b a s i c  f u n c t i o n s  : (1) r e - r a d i a t i o n  of t h e  i n c i d e n t  aerodynamic 
h e a t  t o  t h e  sur rounding  environment and ( 2 )  i n s u l a t i o n  of t h e  primary load- 
c a r r y i n g  s t r u c t u r e  from t h e  high temperature a t  t h e  TPS s u r f a c e .  
Maintenance f u n c t i o n s  t o  be  performed a t  t h e  conclus ion  of each f l i g h t  
i nc lude  : 
(1) post-mission i n s p e c t i o n ,  and 
(2) replacement of d e f e c t i v e  TPS segments. 
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P-ost-mi.ssion in spec t ion . -  This  w i l l  c o n s i s t  of a 100 pe rcen t  non- 
d e s t r u c t i v e - t e s t  (NDT) of a l l  TPS s u r f a c e s .  The tests (e .g . ,  u l t r a s o n i c )  
w i l l  inspect f o r  f r a c t u r e s  and pe rmeab i l i t y  i n  t h e  TPS s u r f a c e  c o a t i n g ;  
f o r  nuc lea t ion  or  vo ids  i n  t h e  TPS ma t r ix ;  and f o r  de l amina t ion  o r  f r a c t u r e s  
i n  t h e  TPS bond l i n e ,  For commercial ope ra t ions  of t h e  boos t -g l ide  v e h i c l e ,  
i t  is p ro jec t ed  t h a t  t h e  tests w i l l  be automated w i t h i n  s p e c i a l  f a c i l i t i e s  
provided f o r  t h a t  purpose.  The only  d i r e c t  c o s t s  i n c u r r e d  would b e  t h o s e  
of test data i n t e r p r e t a t i o n  by human o p e r a t o r s .  
Replacement of TPS segments. - Where d e f e c t i v e  segments are i d e n t i f i e d  
by t h e  above tests,  they  s h a l l  be  removed and r ep laced  by f l i g h t - l i n e  oper- 
a t iona l  techniques  and c e r t i f i e d  f o r  f l i g h t  r e a d i n e s s ,  
In  a d d i t i o n  t o  t h e  p e r - f l i g h t  maintenance of t h e  TPS, a t o t a l  rep lace-  
ment of t h e  TPS s h a l l  be  scheduled,  based upon i t s  u s e f u l  l i f e ,  LTPS. The 
parameter,  LTPS, i s  measured i n  numbers of  f l i g h t s  between replacements  and 
is  a d r i v e r  i n  t h e  p re sen t  method. The c o s t  of replacement  is  assumed equa l  
t o  t h e  o r i g i n a l  manufactur ing c o s t  of materials and l a b o r  f o r  i n s t a l l a t i o n  
of t h e  TPS. 
The t o t a l  TPS maintenance c o s t  t hen  i s  g iven  by t h e  fo l lowing  express ion:  
where, 
I$ps = f r a c t i o n  of o r i g i n a l  TPS manufactur ing c o s t  r equ i r ed  p e r  
f l i g h t  f o r  TPS maintenance. 
3-A-12 
Turboje t  Engine 
The t u r b o j e t  engine maintenance 
formula.  The ATA g ives  f o r ,  
b+tterials : 
c o s t  
F l i g h t  Cycle - = 2.5 
= 2.0 c o s t  
F l i g h t  Hour 
Maintenance, M/TJ 
formula is based on t h e  c u r r e n t  ATA 
where, 
CTJ = c o s t  of t u r b o j e t s  pe r  v e h i c l e  
Then, 
Cost 2.5 cTJ / i05  + (2.0 cTJ/ i05)  tF F l i g h t  
Labor : 
= ( 0 . 3  + 0.03 TTJ/103) NTJ MMH F l i g h t  Cycle 
MMH 
F l i g h t  Hour = (0.6 + 0.027 T,,/103) NTJ 
where, 
MMH = maintenance manhours 
= t h r u s t ,  each t u r b o j e t ,  l b s  
= Number of engines  
T~~ 
N~~ 
For l a r g e  t u r b o j e t  engines ,  less than  10% d i f f e r e n c e  e x i s t s  between t h e  above 
terms. They are, t h e r e f o r e ,  t r e a t e d  as equal f o r  s i m p l i c i t y ,  Then, with t i m e  
of f l i g h t ,  tF, and i n c l u s i o n  of t h e  l abor  r a t e ,  rL, 
3-A-13 
c o s t  
F l i g h t  = ( 1  4- t F ) ( 0 . 6  + 0.027 TTJ/103) NTJ rL 
For the  BGT f l i g h t ,  engine o p e r a t i n g  t i m e  w i l l  equa l  approximately one- 
F' h a l f  hours which is, t h e r e f o r e ,  s u b s t i t u t e d  f o r  t express ions  and inc lud ing  t h e  ton-mile terms, 
Then, combining t h e  
(3.5 CTJ/105) + (0.9 + 0.04  TTJ/103) NTJ rL 
- 
D ° C ~ / ~ ~  LF (WpL/2000) RT 
F i n a l l y ,  
0.07 CTJ/GLOW + L(1800 + 0.08 TTJ) NTJ rL/GLOW] 
= - - - . - - - -  
Do 'M / T J LF (WpL/GLOW) RT 
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APPENDIX 3-B 










This  appendix p r e s e n t s  t h e  d e r i v a t i o n  of t h e  Driver P a r t i a l s  (ADOC/DOC)/ 
(ADriver jDriver)  which are presented  i n  the  Procedures  s e c t i o n .  
I n  t h e  development of t h e  Driver P a r t i a l  equa t ions ,  i t  i s  assumed t h a t  
t h e  a c q u i s i t i o n  c o s t  of t h e  BGT i s  n o t  decreased by improvements i n  t h e  
technology.  I n  o t h e r  words, an  improvement i n  engine  performance would 
r e su l t  i n  a smaller, b u t  n o t  a cheaper  engine.  It would, however, i n d i r e c t -  
l y  dec rease  DOC due t o  weight  r e d u c t i o n s  which t r a n s l a t e  i n t o  inc reased  pay- 
load  f r a c t i o n s .  
Each of t h e  s i x  Dr iver  Parameters and t h e i r  e f f e c t s  on a l l  e lements  of 
DOC are t r e a t e d  i n  t u r n .  
Airframe Weight F rac t ion ,  (WqF/GLOW) 
, 
For a g iven  s i z e  vehicle, r educ t ions  i n  a i r f r a m e  weight can  be  r ep laced  
by a d d i t i o n a l  payload weight .  
'ME 'TJ 'TP S wPL 'AV 'Mist. -=I------------- 
GLOW GLOW GLOW GLOW GLOW GLOW GLOW GLOW 
'AF W* and WpL -=I---- 
GLOW GLOW GLOW 
where, W* r e p r e s e n t s  a l l  weight terms o the r  t han  WpL and WAF . 
GLOW -_ -  - GLOW GLOW 
P r o p e l l a n t  cos t . -  The formula f o r  DOCp from Appendix 3-A is: 
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We wish t o  o b t a i n  
DOC can be w r i t t e n ,  P 
- 
'AF + A -  GLOW ADOCp 1 - - 
'AF 
ADOCp/DOCp 
f o r  t h e  Driver - ADriver/Dr iver GLOW 
'AF W* W* I---- - -  GLOW GLOW 














1 - 'AF W" - - -  
GLOW GLOW 
This  reduces t o  : 
'AF A -  ADOCp GLOW . -- e 
DOCp 'AF W* 1 - - - A - - -  
GLOW GLOW GLOW 
Consider t h a t ,  
w P L  -=I---- 'AF W" 9 
GLOW GLOW GLOW 
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and le t ,  
- AwAF 
p = -  GLOW = the proportional improvement i n  the Driver WgF/GLOW, 
'AF - 'AF 
GLOW 
and div ide  by (AWAF/GLOW) / (WAF/GLOW) = ADriver/Driver. 
The above then reduces to:  
- 'AF 
A D O C ~ / D O C ~  GLOW 
A (Wm/GLOW) / (WAF/GLOW) - -- 
GLOW WAF GLOW 
Crew cost,- From Appendix 3-A, 
(1.456 x 106/GLOW) (tF) 
DOCC = 
( L a  (WPL/GLOW) RT 
As i n  the case of DOCp, the only term affected by changes i n  the Driver, 
WAF/GLOW is  the payload term. Thus, by s imi lar i ty  t o  the case for  DOC P 
__. 
A D O C ~ / D O C ~  E GLOW 
A (WAF/GLOW) / (WAF/GLOW) wpL - -  
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Insurance cost.- From Appendix 3-A, 
2000 IR (CBGT/GLOW) tF 
(LF) (W~~/GLOW) R~ u DOCI = 
By similarity to the above form, 
Depreciation cost.- From Appendix 3-A, 
2000 tF b.1 (CBGT/GLOW) + 0.3 _ _  (SE/GLOW)] 
DOCD =i (LF) ( W ~ L / ~ ~ ~ ~ )  % Ld 




Airframe maintenance labor . -  From Appendix 3-A, 
(0.069 + 0.083 t F )  - GLOW - 
D°CM/AF / L (LF) (WpL/GLOW) RT1 tF1 
I n  t h i s  ca se  
'AF 
'AF s o  t h a t  changes i n  t h e  Driver, - GLOW 
a f f e c t  the numerator of t h e  DOC equa t ion  as w e l l  as t h e  payload t e r m .  
I f  t h e  improvement i n  t h e  Driver a f f e c t e d  only  t h e  term, WpL/GLOW 
as i n  t h e  p r i o r  c a s e s ,  w e  would have, 
'AF 
- GLOW M/WL - 
(ADocMjAF/L) /(DOC ~ , 
A ( wm/ G L O W ) / ( W ~ ~ /  GL&) WPL 
GLOW 
C a l c u l a t i o n s  f o r  t h e  b a s e l i n e  BGT i n d i c a t e  t h a t  t h e  fo l lowing  is a good 
approximation t o  t h e  c o r r e c t  va lue .  
0 -  Examination of t h e  DOC 
e Dr iver  WAF/GLOW a f f e c t s  
on ly  t h e  payload t e r m ,  (WPL/GLOW) i n  the denominators. The re fo re ,  by 
s i m i l a r i t y  t o  t h e  earlier forms, 
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'AF 
ADOCi/DOCi - GLOW - 
P wPL - -  
'AF GLOW 
where, 
Thermal P r o t e c t i o n  System L i f e ,  LTDC 
The Driver  L ~ p s  appears  i n  t h e  DOC formula f o r  maintenance of t h e  TPS 
on ly ,  t h e r e f o r e ,  a change i n  i t s  va lue  w i l l  n o t  a f f e c t  t h e  o t h e r  DOC 





 doc^/ TP s - (LF) (WpL/GLOW) RT (%PS ++) TP S 
from Appendix 3-A. 
This can be w r i t t e n  
Where A and B r e p r e s e n t  a l l  
terms o t h e r  t han  L TPS' 
TP s 
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T h e n  
B - A  - -  B 
A +  
""M/TPS = LTPS -k ALTPS LTPS 
B  doc^/^^^ A +  - 
TPS L 
and 
ADocM/Tps =[ALTPs -BALTPS + B] [ LTpS ALTps] 
D ° C ~ / ~ ~ ~  
= - [ B/LTPS ] [ ] A + B/LTps LTPS ALTPS 
w h e r e  
ALTPS P =-  
LTPS LTPS 
Now, from the o r i g i n a l  expression f o r  DOC M/TpS, we find 
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A = KTPS 
so 
B = X  
and f i n a l l y  
(-) 
= -  'lLTPS 
%PS -t "'TPS ( tlpLTPS ) 
Weight p e r  Unit A r e a  of TPS, (W/A)TPS 
The TPS w e i g h t  f r a c t i o n  




'TP S and -GLOW wPL w h e r e  GLOW '** - a l l  w e i g h t  f rac t ion  terms other than 
P r o p e l l a n t  cost . -  From A p p e n d i x  3-A, 
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This can b e  w r i t t e n  
A 
DOCp = 
(W/A)TPS %PS - -  W**
GLOW GLOW 1 -  
wPL where A r e p r e s e n t s  a l l  terms o t h e r  than  - GLOW 
ADOCp 
DO Cp 
- DOCp A 
W** ('IA) TPS A (W/A) TPS -[ GLOW -k GLOW ] - - GLOW - 
DOCp 
'AF Then i n  a manner similar t o  t h e  case f o r  DOCp under t h e  Driver - GLOW ' 
where p 3 
('IA) TpS (W/A) TPS 
Other  cos ts . -  By s i m i l a r i t y  t o  p r i o r  forms, 
I 
where DOC = A l l  DOC elements.  i 
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Main Engine S p e c i f i c  Weight (W/T)ME 
I 
I n  t h e  case  of t h e  Driver (W/TIME 
As i n  t h e  p r i o r  cases f o r  WAF/GLOW and WTP~/GLOW, c..anges i n  main 
engine  weight are r e f l e c t e d  only  i n  compensating changes i n  payload 
weight ,  
Then, by analogy t o  t h e  earlier forms, 
where DOC = a l l  DOC e lements ,  (DOCp, DOCC, DOCI, e t c . ) .  i 
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L i f t - t o  Drag Rat io ,  L/D 
I Improvements i n  L/D a f f e c t  DOC through t h e  p rope l l an t  weight term 
(WpT/GLOW) i n  t h e  DOCp formula.  
formulas  through t h e  payload weight  f r a c t i o n  t e r m  ( w ~ ~ / G L o w ) .  
I n  a d d i t i o n ,  t h e  reduced f u e l  weight can 
I 1  
I b e  t r aded  pound f o r  pound wi th  payload and, t h e r e f o r e ,  a f f e c t s  a l l  t h e  DOC 
I 




1 / 2  
A = 1808.67 [I. - >] + 160.28 - 33.03 s i n  8 cos e 
ISP 
1741.25 (L/D) 
B -  
I$ 
Isp = s p e c i f i c  impulse 
= r a t i o  of main engine  f u e l  t o  t o t a l  f u e l  on-board 
RT = o p e r a t i o n a l  range  
8 = launch azimuth 
8 = launch l a t t i t u d e  
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Let 
ADOCp (DOCp)' - DOCp 
-=  
DOCp DOCp 
where (DOC)' is the revised DOC to reflect the improvement in L/D. 
Then, 
P 
ADOC,/DOC, - = -  1 









B =  
L/D 
1741.25 (1 + P 
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O t h e r  c o s t  e l e m e n t s . -  Fo r  all DOC e l e m e n t s  o the r  than  DOCp, i m p r o v e -  
ments i n  L/D a f fec t  o n l y  t h e  payload t e r m  through the  r educ t ion  i n  t h e  f u e l  
r e q u i r e m e n t .  The DOC equat ions can b e  w r i t t e n ,  
w h e r e  A represents a l l  t e r m s  other than W p L / ~ ~ O w  
(DOCi) '  - DOCi 
i 
DOC ADoC./DOC, = 1 
w h e r e  (DOCi) I is  t h e  revised DOC,  due t o  the  i m p r o v e m e n t  i n  L / D  
1 
and 
w h e r e ,  
DOCi = DOCC$ DOCI, D ° C ~  3 D ° C ~ / ~ ~ / ~ ,  D ° C ~ / ~ ~ / ~ '  D ° C ~ / ~ ~ '  D ° C ~ / ~ ~ ~ '  
and DOCMlTJ 
(WpL/GLOW)' i s  as above f o r  L / D  
p = -  'LID t h e  p ropor t iona l  i m p r o v e m e n t  i n  the D r i v e r  L/D 
L/D L /D 
3-B-13 
S p e c i f i c  Impulse, Isp 
By direct  analogy to the case for L/D: 
A D O C ~ / D O C ~  E -  1 
A1sP'lsP 
where, 
SP , the proportional improvement in the Driver I P = -  
A1sP 
ISP I S P  
1 7 4 1 . 2 5  (L/D) 1 + 1 (L/D)] 
(WPL m- "PL 
GLOW 
3-B-14 
Other  c o s t  elements.-  Again, by d i r e c t  analogy to t h e  case for t h e  
\ Driver L / D ,  
1 I 
ADOCi/DOCi wPL / GLOW 
(AIsp)/ (Isp) 
SP f o r  t h e  Driver I 
where, 
DOCI = DOCC, D°CI* D°C~ 9 D ° C ~ / ~ ~ / ~ $  D ° C ~ / ~ ~ / ~ $  D ° C ~ / ~ ~ ,  D ° C ~ / ~ ~ ~ ,  
SP (WpL/GLOW)" is as above f o r  I 
A ISP 
ISP ISP 
p = -  
3-B-15 
APPENDIX 3-C 
OPERATIONAL CONSTANTS AND COST FACTORS 
This appendix provides  informat ion  about t h e  o p e r a t i o n a l  c o n s t a n t s  and 
Ra t iona le  is provided f o r  the v a l u e s  which 
c o s t  f a c t o r s  r e q u i r e d  f o r  s o l u t i o n  of t h e  DOC formulas which are n o t  de f ined  
by t h e  b a s e l i n e  BGT d e f i n i t i o n .  
are sugges ted  i n  t h e  Procedures s e c t i o n ,  Table 3-IV. The s e c t i o n  on 
S e n s i t i v i t y  has  i n d i c a t e d  t h a t  a l though the  v a l u e  of DOC is  s e n s i t i v e  
t o  t h e s e  f a c t o r s ,  t h e  r e l a t i v e  impact of the d r i v e r s  on DOC is  n o t  very 
s e n s i t i v e  t o  t h e s e  f a c t o r s ;  t h e r e f o r e ,  t h e  comparative e v a l u a t i o n  of 
technology improvements i s  n o t  very s e n s i t i v e  t o  these f a c t o r s .  Never the less ,  
"reasonable"  r a t i o n a l e  should b e  used i n  the s e l e c t i o n  of t h e i r  v a l u e s .  
Opera t iona l  Constants 
Load f a c t o r ,  (LF).- Load f a c t o r  i s  the  r a t i o  of t h e  average  payload 
c a r r i e d  t o  t h e  maximum payload which t h e  a i r c r a f t  i s  capable  of c a r r y i n g  i n  
normal ope ra t ion .  The a i r l i n e  i n d u s t r y  average load  f a c t o r  w a s  about  50% 
(1972). However, t h e  i n d u s t r y  average  has  been depressed i n  r e c e n t  y e a r s  
60% w a s  used i n  t h e  HST s tudy  ( r e f e r e n c e  1 )  and 60% has  been used i n  t h e  
BGT b a s e l i n e  c a l c u l a t i o n .  
and is exyected to i q r o v e .  It wiia 4 4 2  in 1371 (reference 4 ) .  A --- ' .*- v a - L u c ;  of 
U t i l i z a t i o n ,  U.- U t i l i z a t i o n  is defined f o r  t h e  BGT as t h e  average  number 
of f l i g h t  hours  p e r  y e a r  ( l i f t - o f f  t o  touchdown). 
a i r c r a f t  i n  the a i r l i ne  i n d u s t r y  vary from about  3500 t o  4500 hours  per - 
y e a r  i n c l u d i n g  taxitime. 3000 hours  w a s  used f o r  t h e  HST i n  t h e  HST s tudy  
( r e f e r e n c e  1)- because of t h e  highspeed and r e l a t i v e l y  s h o r t  f l i g h t  t i m e .  
1000 hours  h a s  been used i n  t h e  BGT b a s e l i n e  c l a c u l a t i o n .  
U t i l i z a t i o n  rates f o r  
A formula f o r  u t i l i z a t i o n  ( r e fe rence  7 )  can b e  expressed  s imply as 
F l i g h t  t i m e  
T ime  T i m e  T i m e  
+ Stop + 
Avai l ab le  
t i m e  p e r  yea r  U =  




BGT -HST -Subsonic 
= s t o p  t i m e  p e r  0.75 0.75 3.0 
f l i g h t ,  ( tu rn-  
a round) ,  h r  
% 
= f l i g h t  t i m e ,  h r  4.15 2.0 1.5 tF 
% = maintenance hours  0 .7  1 . 5  4.0 
p e r  f l i g h t  hours  
Cf = f a c t o r  (see below) 0.9 0.85 0.75 
Based on t h e  va lues  given above f o r  t h e  t e r m s  i n  t h e  equa t ion ,  w e  
U t i l i z a t i o n  = 4285 h r s  f o r  subsonic  a i r c r a f t  
2732 hours  f o r  HST 
973 hours f o r  BGT 
The f a c t o r  C i s  in tended  t o  cover  such  t h i n g s  as schedul ing  
problems ( i n a b i l i f y  t o  use t h e  v e h i c l e  a l l  t h e  t i m e  a v a i l a b l e ) ,  s o n i c  
boom delays ,  a i r  t r a f f i c  c o n t r o l  de l ays ,  and de lays  due t o  weather .  
Cost Fac to r s  
Cost of l i q u i d  hydrogen, cH .- Typica l  c u r r e n t  (1972) va lue  f o r  l i q u i d  
( r e fe rence  hydrogen d e l i v e r e d  t o  a u s e r  site is  44C p e r  k i logram (20C/lb) 
6 ) .  This has  been p r o j e c t e d  t o  a va lue  of 28.7C p e r  ki logram (13C/lb) i n  
1985 and t o  17.6C p e r  ki logram (8C/lb) i n  t h e  y e a r  2000 ( the l a t te r  p e r  
NASA CR 73226, A i r  Products  and Chemical Co.). A v a l u e  of 8~ p e r  pound 
has  been used h e r e  f o r  t h e  BGT b a s e l i n e ,  o p e r a t i n g  i n  t h e  y e a r  2000. 
Cost of l i q u i d  oxygen, cO .- A p r i c e  of 2 . 6 4 ~  p e r  k i logram ( 1 . 2 ~ /  l b )  
has  been used € o r  l i q u i d  oxygen i n  t h e  BGT b a s e l i n e  c a l c u l a t i o n .  
Mean number of f l i g h t s  between main engine  overhaul ,  FOH .- This  
t e r m  has  been set  a t  600 f l i g h t s  i n  t h e  b a s e l i n e  BGT c a l c u l a t i o n s .  Ra t iona le  
f o r  t h i s  va lue  i s  p resen ted  i n  Appendix 3-A under Main Engine Maintenance. 
Annual Insurance  Rate, 1R.- The ATA ( r e fe rences  2 and 3) s ta tes  t h a t  
a i r c r a f t  insurance  rates f o r  new a i r c r a f t  are t y p i c a l l y  5 pe rcen t  b u t  drop 
t o  2 percent  i n  4 t o  5 y e a r s  which i s  a t y p i c a l  a i r l i n e  i n d u s t r y  average .  
2% was used i n  t h e  HST s tudy  ( r e fe rence  1 )  and has  been used i n  t h e  BGT 
b a s e l i n e  c a l c u l a t i o n s .  
Deprec ia t ion  L i f e ,  Ld.- This  i s  t h e  ass igned  d e p r e c i a t i o n  pe r iod  of  t h e  
v e h i c l e .  
a s s igned  d e p r e c i a t i o n  pe r iods  i n  accordance w i t h  i n d u s t r y  account ing  
p r a c t i c e .  
is-used f o r  t h e  BGT b a s e l i n e  c a l c u l a t i o n s ,  
15 y e a r s  i s  a t y p i c a l  va lue  f o r  subsonic  commercial a i r c r a f t  
1 0  years was used f o r  t h e  HST s t u d y ( r e f e r e n c e  1) and 10 y e a r s  -~ 
Average maintenance l a b o r  ra te ,  rL.-  An average  l a b o r  rate of $5.62 
p e r  hour  has  been used i n  t h e  BGT c a l c u l a t i o n s .  The rate a p p l i e s  t o  t h e  
average  f o r  a l l  pe r sonne l  i n  the maintenance ope ra t ion .  
2 )  g i v e s  $4.00 as t h e  i n p u t  va lue  f o r  t h i s  parameter  i n  i t s  formula,  a t  
1967 d o l l a r s .  
a 6% annual  i n c r e a s e  f o r  6 y e a r s .  
The ATA, ( r e fe rence  
This has  been inc reased  t o  $5.62 a t  1973 d o l l a r s  by computing 
$5.30 was used i n  t h e  HST s tudy  ( r e f e r e n c e  
1) 
Rat io ,  c o s t  of overhaul  t o  i n i t i a l  cost f o r  main engines ,  QH.- This  
t e r m  i s  used i n  the DOC f ormula f o r  main engine maintenance. 
s e l e c t i o n  of i t s  va lue  i s  d iscussed  i n  t h a t  s e c t i o n  of Appendix 3-A. A 
va lue  of 0.15 has  been used i n  t h e  BGT b a s e l i n e  c a l c u l a t i o n s .  
Ra  t i o n a l e  f o r  
Launch azimuth, 8.-  This i s  the angle  of launch of t h e  BGT wi th  
North = O o ,  E a s t  = 90°, etc. 90’ h a s  been used f o r  the BGT b a s e l i n e  
demonst ra t ion  c a l c u l a t i o n s .  The e f f e c t  of a w e s t e r l y  ve r sus  e a s t e r l y  
launch on DOC is shown i n  t h e  S e n s i t i v i t y  s e c t i o n .  
Launch l a t i t u d e ,  8. -  This i s  t h e  l a t i t u d e  of t h e  launch s i te .  Oo 
( e q u a t o r i a l )  has  been used i n  t h e  b a s e l i n e  BGT c a l c u l a t i o n .  
ano the r  va lue  on DOC is  shown i n  the S e n s i t i v i t y  s e c t i o n .  
The e f f e c t  of 
Cost of t h e  BGT and i t s  components.- Acqu i s i t i on  c o s t s  f o r  t h e  BGT and 
c e r t a i n  of i t s  components are requ i r ed  f o r  u s e  i n  t h e  DOC formulas .  These 
c o s t s  may b e  developed independent ly  by any method, o r  they may b e  e s t ima ted  
Using t h e  foi ivwing e s t i m a t i n g  r e l a t i o n s h i p s  which have been developed f o r  
t h e  b a s e l i n e  BGT. The c o s t s  are expressed i n  normalized form (i.e.,  d iv ided  
by t h e  g r o s s  l i f t - o f f  weight of t h e  BGT, (GLOW) f o r  u s e  i n  t h e  DOC formulas .  
+-+-+- ‘ME ‘TJ CTpS 3 $ / l b .  ‘BGT ‘S + ‘Eq ~ ‘AV - = -  
GLOW GLOW GLOW GLOW GLOW GLOW GLOW 
where, 
= c o s t  of BGT ( t o t a l ) ,  $ ‘BGT 
= c o s t  of s t r u c t u r e ,  $ cS 
3-c-3 
C = cost of a l l  equipment and s u b s y s t e m  n o t  inc luded  i n  o t h e r  
Eq terms,  $ 
= c o s t  of a v i o n i c s ,  $ 
‘AV 
= c o s t  of main engine  s e t  p e r  v e h i c l e ,  $ 
CME 
= c o s t  of t u r b o j e t  engine  set p e r  vehicle, $ 
= c o s t  of thermal  p r o t e c t i o n  system, $ 
‘TJ 
‘TP S 
$1 1b wS 330 - cs - =  GLOW GLOW ’ 
















x -  $ / l b  GLOW ’ = 5300 Tm 
i 
56.58 - 16.292 I n  Ti + 1.279 ( In  Ti> Ai,$/lb 21 
= weight of s t r u c t u r e ,  l b s  
= weight of equipment and subsystems exc luding  ME, TJ, TPS & 
AV, l b s  
= weight of a v i o n i c s ,  l b s  
= number of main engines  p e r  v e h i c l e  






t h r u s t  of main engines  (vacuum) each,  l b s  
t h r u s t  of t u r b o j e t  engines ,  each, l b s  
area of s u r f a c e  p r o t e c t e d  by TPS a g a i n s t  t empera ture  i, 
f t 2  
maximum tempera ture  of s u r f a c e  area A degrees  F i' 
above c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  were developed from c o s t s  
used i n  t h e  Space S h u t t l e  program (proposal  p e r i o d )  a f t e r  a p p l i c a t i o n  of a 
90% l e a r n i n g  curve  t o  r e f l e c t  t h e  average  cos t  f o r  100 u n i t s .  
The r e l a t i o n s h i p  f o r  t h e  TPS w a s  cons t ruc t ed  by p l o t t i n g  TF'S materials 
and c o s t s  p e r  squa re  f o o t  proposed i n  the S h u t t l e  program and f i t t i n g  t h e  
curve  expressed  i n  t h e  CER equat ion  t o  these  p o i n t s .  
For t h e  purposes  of t h e  b a s e l i n e  BGT demonstrat ion h e r e i n ,  t h e  BGT w a s  
d iv ided  i n t o  t h e  fo l lowing  f o u r  areas and temperature  regimes.  
c o s t  
7,924 f t 2  2500-2800°F $22.2 E 
12,750 1500-2500 23.1 





The c o s t s  used i n  t h e  Demonstration s e c t i o n s  f o r  t h e  b a s e l i n e  BGT 
based on t h e  above c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  are: 
GLOW - 
(a) GLOW - 
67.2 
4 3 . 6  
3-c-5 
(2) GLOW - 3 . 0  
50.4 ("") - GLOW - GLOW 
T o t a l  $248.1  M 
A s  can be  seen,  t h e  c o s t  f o r  t h e  TPS determined u s i n g  S h u t t l e  f a c t o r s  
appears  p r o h i b i t i v e l y  l a r g e  when a p p l i e d  t o  a commercial a i r c r a f t .  It is  
v e r y  probable t h a t  t h i s  h igh  c o s t  would s t i m u l a t e  r e s e a r c h  i n t o  o t h e r  TPS 
schemes which could b e  implemented a t  a much lower c o s t ,  
s t u d i e s  have a l r e a d y  shown t h e  p o s s i b i l i t y  of r e u s a b l e  TPS schemes a t  1 /10  
t h e  c o s t  proposed f o r  t h e  S h u t t l e  system. 
s t i m u l a t e  t h i s  r e s e a r c h  and so  a n  o r d e r  of  magnitude r e d u c t i o n  i n  TPS can 
b e  expected. 
I n  f a c t ,  some 
The S h u t t l e  program w i l l  no doubt 
1 
1
maintenance.- The parameter K ~ p s  accounts  f o r  t h e  per-mission c o s t  of TPS 
maintenance, 
segments and ( 2 )  post-mission i n s p e c t i o n .  A s  d i s c u s s e d  p r e v i o u s l y ,  t h e  per- 
mission maintenance i s  i n  a d d i t i o n  t o  t h a t  r e q u i r e d  f o r  complete replacement 
of t h e  TPS a t  t h e  end of i t s  u s e f u l  l i f e .  For t h e  b a s e l i n e  v e h i c l e ,  t h e  
u s e f u l  l i f e  i s  assumed t o  b e  500 miss ions .  Although t h e r e  is  no maintenance 
experience f o r  TPS, i t  appears  r e a s o n a b l e  t o  assume t h a t  t h e  "patching" re- 
qui red  dur ing  t h e  u s e f u l  l i f e  would amount t o  no more t h a n  20% of  t h e  o r i g i n a l  
TPS cos t .  The post-mission i n s p e c t i o n  i s  l i m i t e d  t o  d i r e c t  l a b o r  f o r  non- 
d e s t r u c t i v e - t e s t  d a t a  i n t e r p r e t a t i o n  a t  ra te  assumed e q u i v a l e n t  t o  one-half 
of t h e  per-mission TPS replacement c o s t .  On t h i s  b a s i s ,  then ,  t h e  b a s e l i n e  
v a l u e  of K ~ p s  i s  p o s t u l a t e d  t o  b e  0.0006. 
I 
I 
This  c o s t  i s  comprised of two p a r t s :  (1) replacement  of  TPS 
I 
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METHOD MODULE 4 
TECHNOLOGY PARAMETER EQUATIONS 
I 
METHOD MODULE 4 - TECHNOLOGY PARAMETER EQUATIONS 
I General 
This  module p r e s e n t s  t h e  procedures  and equa t ions  r e q u i r e d  t o  de t e r -  
mine t h e  e f f e c t s  of changes i n  t h e  selected Technology Parameters on t h e  
des igna ted  Driver Parameters .  
by-step f a s h i o n  s o  t h a t  t h e  r e s u l t s  can be  obta ined  simply and quick ly .  
Explanatory informat ion  and t h e  d e r i v a t i o n  of equa t ions  i s  p resen ted  i n  
Appendix 4-A. 
The procedures are set up i n  a sys t ema t i c  s t ep -  
Logic 
I n  o r d e r  t o  e s t a b l i s h  t h e  e f f e c t s  of  changes i n  Technology Parameters  
on t h e  des igna ted  Driver Parameters ,  i t  i s  necessary  t o  f i r s t  d e f i n e  t h e  
r e l a t i o n s h i p  between them. This  can be done e i t h e r  a n a l y t i c a l l y  through 
e x p l i c i t  equa t ions ,  o r  e m p i r i c a l l y  through graphs,  curve  f i t s ,  etc.  With 
t h e  r e l a t i o n s h i p s  e s t a b l i s h e d ,  t h e  changes can b e  found by us ing  approximate 
d i f f e r e n t i a l s  (he re in  c a l l e d  " p a r t i a l s " ) .  The equat ions  f i n a l l y  de r ived  
appiy to a i l  v e h i c l e s  of i n t e r e s t  t o  t h e  hypersonic technology p l anne r .  
The cons t an t s  are a d j u s t e d  f o r  each def ined  b a s e l i n e  v e h i c l e .  
The Driver Parameters  used i n  t h i s  module are l i s t e d  i n  Table 4-1 wh i l e  
t h e  a s s o c i a t e d  Technology Parameters are l i s t e d  i n  Table  4-11. 
s i o n s  r e l a t i n g  Driver Parameters  t o  Technology Parameters are p resen ted  i n  
t h e  Appendix 4-A. 
has  been expanded i n t o  f i v e  elements  as shown i n  t h e  t a b l e .  Of t h e s e  f i v e ,  
t h e  f i r s t  two, f u s e l a g e  weight  and wing weight ,  c o n t r i b u t e  t h e  major p a r t  
of t h e  a i r f r a m e  weight .  These elements  have been desc r ibed  i n  terms of 
both  t h e  material p r o p e r t i e s  and des ign  f a c t o r s  l i s t e d  i n  Table  4-11 t o  
a l low t h e  u s e r  maximum f l e x i b i l i t y  i n  determining technology e f f e c t s .  The 
remaining elements  are t r e a t e d  i n  a more s i m p l i f i e d  manner s i n c e  they con- 
t r i b u t e  r e l a t i v e l y  l i t t l e  t o  t h e  a i r f r ame  weight and are n o t  as s e n s i t i v e  
t o  technology changes.  
The expres- 
The f i r s t  Driver, a i r f rame weight  f r a c t i o n ,  WAF/GLOW, 
The second Driver Parameter l i s t e d  i s  the  average thermal  p r o t e c t i o n  
system weight  p e r  u n i t  area. This  parameter i s  a f u n c t i o n  of t h e  f l i g h t  
c o n d i t i o n s ,  t h e  b a s e l i n e  v e h i c l e  c h a r a c t e r i s t i c s  and t h e  thermal  p r o t e c t i o n  
system p r o p e r t i e s  and des ign .  N o  Technology Parameters  have been de f ined  
f o r  t h i s  Driver s o  p r o j e c t i o n s  w i l l  b e  made of changes i n  t h e  t o t a l  u n i t  
weight .  This approach is s imple r  and a l s o  h a s  more p h y s i c a l  s i g n i f i c a n c e  
than  a combination of o p e r a t i o n a l  and material p r o p e r t i e s .  
4-1 
TABLE 4-1.- DRIVER PARAMETERS 
















a i r f r a m e  weight f r a c t i o n  which i n c l u d e s  t h e  
fo l lowing  e lements :  
f u s e l a g e  weight f r a c t i o n  
wing weight f r a c t i o n  
h o r i z o n t a l  and ver t ica l  s u r f a c e s  weight f r a c t i o n  
p r o p e l l a n t  system weight f r a c t i o n  
o t h e r  a i r f r a m e  systems as l a n d i n g  g e a r ,  power, 
h y d r a u l i c s ,  e tc .  
average  thermal  p r o t e c t i o n  system weight p e r  
u n i t  area 
thermal  p r o t e c t i o n  system l i f e  ( f l i g h t s )  
main engine  weight-to-sea-level t h r u s t  
r a t i o  
rocke t  eng ine  vacuum s p e c i f i c  impulse 
c r u i s e  l i f t - t o - d r a g  r a t i o  
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TABLE 4-11.- TECHNOLOGY PARAMETERS 
erodynamics 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
c /CL2 induced d rag  f a c t o r  
Di 
ggr e Pat e materials p rop-er t ies 
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
rirfraple d e s i g n  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  designed by buckl ing  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  w, B 
des ign  f a c t o r  f o r  wing s t r u c t u r e  designed by c r i p p l i n g  
c r i te r ia  (= 1.00 f o r  base l ine )  w,c 
F 
des ign  f a c t o r  f o r  wing s t r u c t u r e  designed by s t i f f n e s s  
cri teria (= 1.00 f o r  b a s e l i n e )  
des ign  f a c t o r  f o r  wing scruccure  designed by y i e i d  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
des ign  f a c t o r  f o r  wing s t r u c t u r e  n o t  designed by 
w, s F 
F w, y 
F 
W,F primary loads  
F,B 
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
buckl ing  cr i ter ia  (= 1.00 fo r  b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
c r i p p l i n g  cr i ter ia  (= 1.00 fo r  b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by s t i f f n e s s  






TABLE 4-11.- TECHNOLOGY PARAMETERS - Concluded 
des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by y i e l d  
cri teria (= 1.00 for b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  n o t  designed by 
primary l o a d s  
des ign  f a c t o r  f o r  empennage weight  (= 1.00 f o r  b a s e l i n e )  I FE 
I Fp des ign  f a c t o r  f o r  p r o p e l l a n t  system weight  (= 1.00 f o r  b a s e l i n e )  
I 
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The t h i r d  Dr iver ,  Thermal P r o t e c t i o n  System L i f e ,  LTp , i s  handled i n  
t h e  same way as t h e  u n i t  weight ,  
cri teria,  environment,  materials, e tc .  and i s  d i f f i c u l t  t o  q u a n t i t a t i v e l y  
re la te  t o  technology parameters .  Once again,  p r o j e c t i o n s  w i l l  be  made of 
changes of t h i s  parameter i t s e l f .  
This  parameter i s  a funcgion of des ign  
The f o u r t h  and f i f t h  Driver Parameters are r o c k e t  engine  parameters  
and are a l r e a d y  technology o r i e n t e d .  
The l as t  Driver Parameter shown is the c r u i s e  l i f t - t o - d r a g  r a t i o  which 
has  been r e l a t e d  t o  t h e  zero  l i f t  d rag  c o e f f i c i e n t  and a n  induced d rag  
f a c t o r  i n  Appendix 4-A. A l l  t h e  r e l a t i o n s h i p s  have been reduced t o  
approximate p a r t i a l s  which r e s p e c t  t o  t h e  a p p r o p r i a t e  Technology Parameters  
t o  o b t a i n  t h e  f i n a l  forms used i n  t h e  module. With t h e  f i n a l  equa t ions  
a v a i l a b l e ,  t h e  b a s e l i n e  v e h i c l e  c h a r a c t e r i s t i c s  are now i n s e r t e d  and f o r  
g iven  percentage  changes i n  t h e  Technology Parameters, t h e  corresponding 
changes i n  t h e  Driver Parameters  are computed. This  p r o c e s s  i s  i l l u s t r a t e d  
i n  t h e  las t  s e c t i o n  of t h i s  module wherein t h e  b a s e l i n e  v e h i c l e  c h a r a c t e r -  
i s t i c s  developed i n  t h e  Base l ine  Vehicle  Method Module are used t o  compute 
numer ica l  v a l u e s  of t h e  f i n a l  equat ions .  
Inpu t  Data 
The i n p u t  d a t a  r e q u i r e d  t o  u t i l i z e  t h i s  module is  shown i n  Table  4-111 
and inc ludes  va lues  of t h e  b a s e l i n e  v e h i c l e  parameters .  The f i n a l  equat ions  
t o  be  used are g iven  i n  t h e  next  s e c t i o n .  The i n p u t  d a t a  i s  taken  from 
Tables  2-111 and 2-IV. 
Procedures 
This  s e c t i o n  con ta ins  t h e  step-by-step procedures  t o  be  fol lowed i n  
o r d e r  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p s  between changes i n  Technology Para- 
meters and t h e  corresponding changes i n  the  Driver Parameters .  
t h e s e  procedures  w i l l  be i l l u s t r a t e d  later i n  t h e  s e c t i o n  e n t i t l e d  "Demon- 
s t ra t  ion .  '' 
The use  of 
Vehic le  Parameters.-  The f i r s t  s t e p  i n  t h e  procedure r e q u i r e s  t h e  
e v a l u a t i o n  of t h e  parameters  l i s t e d  i n  Table 4-111, Base l ine  Vehic le  
Parameters  - Required Input  f o r  Module 4. The a i r f r a m e  weight ,  wing 
weight ,  f u s e l a g e  weight ,  h o r i z o n t a l  and v e r t i c a l  s u r f a c e  weight  and pro- 
p e l l a n t  system weight  are found from t h e  output  of t h e  Base l ine  BGT 
D e f i n i t i o n  Module. 
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TABLE 4-111.- BASELINE VEHICLE PARAMETERS - REQUIRED INPUT FOR MODULE 4 
Lirframe Weight Parameters 
- 'Mise r a t i o  of misce l l aneous  systems weight t o  
t o t a l  a i r f r a m e  weight ( i . e . ,  l a n d i n g  g e a r ,  
power, e t c , )  
wF 
'AF 




- r a t i o  of wing weight  t o  total a i r f r a m e  
weight 
'E - r a t i o  of h o r i z o n t a l  and ver t ica l  s u r f a c e  
weights  t o  t o t a l  a i r f r a m e  weight 
- wPs 
'AF 
r a t i o  of p r o p e l l a n t  system weight t o  t o t a l  
a i r f r a m e  weight 







t o t a l  v e h i c l e  g l i d e  d r a g  c o e f f i c i e n t  
z e r o - l i f t  g l i d e  d rag  c o e f f i c i e n t  


























Technology Parameter P a r t i a l s . -  I n  order  t o  s i m p l i f y  t h e  computation 
procedure ,  Table  4-IV has been prepared which l i s ts  t h e  expres s ions  t o  be 
used t o  determine t h e  va lues  of t h e  Technology Parameter Par t ia l s .  The 
expres s ions  g iven  i n  Table  4-IV are developed i n  Appendix 4-A. The compu- 
t a t i o n  procedure then  simply en ta i l s  e n t e r i n g  Table 4-IV wi th  t h e  a p p r o p r i a t e  
weight  f r a c t i o n  obta ined  i n  t h e  prev ious  s t e p  ( v e h i c l e  parameters )  and 
e n t e r i n g  t h e  numerical  va lue  i n  t h e  worksheet,  Table  4 - IV .  
The d a t a  r equ i r ed  t o  complete Table 4-IV c o n s i s t s  of two p a r t s ,  t h e  
f i r s t  i s  i n p u t  d a t a  from Table  4-111 and inc ludes  t h e  b a s e l i n e  v e h i c l e  
weight  f r a c t i o n s .  The second p a r t  r e q u i r e s  the e v a l u a t i o n  of t h e  f r a c t i o n s  
of t h e  f u s e l a g e  and wing weight  designed by buckl ing ,  c r i p p l i n g ,  y i e l d  and 
s t i f f n e s s  c r i t e r i a .  These f r a c t i o n s  are then a p p l i e d  only t o  t h a t  p o r t i o n  
of t h e  f u s e l a g e  and wing weight  n o t  included i n  t h e  f i x e d  weight .  
f i x e d  weight  i s  t h e  weight  of a l l  e lements  not designed by primary loads .  
The f r a c t i o n s  t o  b e  used are g iven  i n  Table 4-V which w e r e  adapted from t h e  
d a t a  i n  r e f e r e n c e  1. I n  o r d e r  t o  use  t h i s  d a t a ,  t h e  r a t i o  of f u s e l a g e  f i x e d  
weight  t o  t o t a l  f u s e l a g e  weight and wing f ixed  weight  t o  t o t a l  wing weight  
m u s t  b e  known. The a n a l y s t  has  t h e  o p t i o n  of u s ing  any va lue  h e  may d e s i r e  
b u t  i f  t h e s e  va lues  are n o t  a v a i l a b l e ,  t hen  t h e  fo l lowing  are recommended: 
The 
= 0.67 W?,F 
wF 
Using t h e s e  va lues  then ,  w e  g e t  
= 0.4 wY, F 
wW 
wW = 0.6 - - 'r; - wF = 0 . 3 3  - ; '1 
'AF 'AF 'AF 
These are t h e  va lues  needed i n  the express ions  g iven  i n  Table 4-IV. 
Out pu t  Data 
The ou tpu t  d a t a  of t h i s  module are a l l  conta ined  i n  t h e  worksheet ,  
Table 4-1V, and c o n s i s t  of t h e  numerical  values of t h e  r a t i o s .  These v a l u e s  
are requ i r ed  inpu t  d a t a  f o r  t h e  R e s u l t s  and Analyses Method Module 6 ,  
4-7 




ATech. Parameter P a r t i a l  
Driver t Technology Parameter 
I 
Parameter 
TABLE 4-1V.- TECHNOLOGY PARAMETER PARTIALS - 
REQUIRED OUTPUT FROM MODULE 4 





D D  
- 
c D  
L / D  I - CD / C D  0 
‘AF - 
GLOW 
1 1  
I . .  
I 
I 
1 1  
- (“)p.\ ‘AF 
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TABLE 4-1V.- TECHNOLOGY PARAMETER PARTIALS - 





ADr i v e r  
Dr iver  
ATech. Parameter P a r t i a l  
Tech. Parameter 
Technology Parameter - 
Value 
F 
F ,  s 
I 










I /w /w \..W' "AF} 
1 1  
Note t h a t  i n  t h e  above equa t ions ,  
'F,Fixed 
'AF 'AF wF 
'W, Fixed 
'AF 'AF wW 
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TABLE 4-V.- APPROXIMATE WEIGHT RATIOS FOR PRIME STRUCTURAL ELEMENTS OF 
BOOST-GLIDE TRANSPORT AS DESIGNED BY VARIOUS CRITERIA 
Element, Symbol Design C r i t e r i o n  
Weight R a t i o  
Sandwich Panel  Skin-St i f fened  
Cons t ruc t ion  Cons t ruc t ion  
Buckling 
Cr ipp l ing  
I I S t i f f  ness 




'F, S Fuselage,  
w; 
0.05 0.05 
Note that  t h e s e  percentages  apply t o  t h e  t o t a l  wing o r  f u s e l a g e  weight 
minus t h e  wing o r  f u s e l a g e  f i x e d  weight .  I n  t h e  above, 
W$ = WF - W ( t o t a l  f u s e l a g e  weight - f i x e d  f u s e l a g e  weight )  
F ,F  
W h  = Ww - W ( t o t a l  wing weight - f i x e d  wing wing) 
W,F 
W 




I In t roduc t ion  
I This s e c t i o n  of t h e  module p r e s e n t s  a numerical  example of t h e  procedures  
and equa t ions  p re sen ted  earlier,  u t i l i z i n g  t h e  b a s e l i n e  v e h i c l e  desc r ibed  i n  
I 
I Module 2 of t h i s  r e p o r t ,  Base l ine  BGT Def in i t i on .  The example matches iden- 
I t i c a l l y  t h e  i n s t r u c t i o n s  g iven  i n  t h e  earlier s e c t i o n  e n t i t l e d  "Procedures" 
and i s  developed i n  a step-by-step f a sh ion .  
Procedures 
~ 
Vehicle  Parameters.-  The f i r s t  s t e p - r e q u i r e s  t h e  i n p u t  of t h e  b a s e l i n e  
I 
v e h i c l e  parameters  l i s t e d  earlier i n  Table 4-111. These va lues  are ob ta ined  
from t h e  ou tpu t  of t h e  Base l ine  BGT D e f i n i t i o n  Module ( r e fe rence  Tables  2-VI1 
and 2-VIII) and are summarized i n  Table 4-VI. 
Technology Parameter  P a r t i a l s . -  With t h e  b a s e l i n e  v e h i c l e  parameters  
e s t a b l i s h e d ,  w e  now go d i r e c t l y  t o  Table  4-VI1 (which i s  simply a reproduced 
copy of Tabie 4 - IV)  and e n t e r  i n  Table  4-VI1 t h e  v a l u e s  ob ta ined  by s o l v i n g  
equa t ions  us ing  t h e  va lues  from Tables  4-V and 4-VI. For t h i s  demonst ra t ion ,  
w e  w i l l  t ake :  
= 0.4 and assume a s k i n  'W,F = 0.67 and L 'F F 
wF wW s t i f f e n e d  s t r u c t u r e  
This  g ives  t h e  fo l lowing  : 
- (0.33) (0.337) = 0.112 = 0.33 - wF 
'AF 
'F' 
= (0.6) - '' - (0.6) (0.111) = 0.067 w; 
'AF 'AF 
The ou tpu t  d a t a  i s  shown i n  Table  4-VII. 
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TABLE 4-VI.- BASELINE VEHICLE PARAMETERS - DEMONSTRATION DATA 
INPUT FOR MODULE 4 (Reference Table 4-111) 
Airframe Weight Par amet e? 8 1. 
wF 
'AF 
- = 0.337 = 0.111 wW 
'AF 
- 
- = 0.035 
'AF 
- =  
Lift-to-Drag Ratio Parameters 
CD = 0,044 




TABLE 4 - V 1 I . d  TECHNOLOGY PARAMETER PARTIALS - DEMONSTRATION 
DATA OUTPUT FROM MODULE 4 (Reference Table  4-IV) 
Technology 
Parameter 







I t  
I t  
A D r  iver 
Driver - ~ Technology Parameter - 
ATech.. Parameter 
Tech. Parameter 
















TABLE 4-VII.-  TECHNOLOGY PARAMETER PARTIALS - DEMONSTRATION DATA 
OUTPUT FROM MODULE 4 (Reference Table  4-IV) - Concluded 
















ATech. Parameter  P a r t i a l  







Note t h a t  i n  t h e  above e q u a t i o n s ,  
WF, Fixed 











- = -  k wW (1- 'W ,Fixed 
'AF 'AF wW 
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APPENDIX 4-A 
TECHNOLOGY PARAMETER EQUATIONS 
~ 
I n  t r o duct i o n  
Expressions f o r  each of t h e  Driver Parameters prev ious ly  l i s t e d  i n  
I Table 4-1 are p resen ted  i n  t h e  Appendix i n  t e r m s  of t h e  Technology Parameters  
, prev ious ly  l i s t e d  i n  Table  4-11. 
numer ica l ly  d i f f e r e n t i a t e d  t o  o b t a i n  a r e l a t i o n s h i p  between changes i n  
Each express ion  i s  then  a n a l y t i c a l l y  o r  
I 
Technology Parameters  and corresponding changes i n  t h e  Dr iver  Parameters .  
F i n a l l y ,  exp res s ions  f o r  t h e  r a t i o s  of the percentage  changes i n  t h e  Driver 
Parameters t o  t h e  percentage  changes i n  the  Technology Parameters  are formu- 
l a t e d  and are used t o  determine t h e  requi red  numerical  va lues  p rev ious ly  
given i n  Table  4-IV. Each Dr iver  Parameter i s  t r e a t e d  i n  t u r n  i n  t h e  
fo l lowing  s e c t i o n s .  
I 
Airframe Weight Frac t ion . -  The a i r f rame weight  f r a c t i o n ,  WM/GLOW, is  
broken i n t o  f i v e  components as shown below. 
1) 




The f r a c t i o n a l  change i n  a i r f r a m e  weight  f r a c t i o n  f o r  a g iven  change i n  any 
of t h e  above f i v e  parameters i s  given by: 
WF/WAF - Fuselage weight  t o  t o t a l  a i r f r a m e  weight 
Ww/WAF - Wing weight  t o  t o t a l  airframe weight  
WE/WAF - Empennage weight t o  t o t a l  a i r f r a m e  weight 
Wps/WAF - P r o p e l l a n t  system weight t o  t o t a l  a i r f r a m e  weight  
- Miscel laneous systems weight  t o  t o t a l  a i r f r a m e  weight 
where i = F, W, E,  PS o r  Misc 
Each of t h e s e  components can now be  expressed i n  terms of t h e  Technology 
Parameters l i s t e d  earlier i n  Table 4-11. 
4-A-1 
Fuselage weight :  The f u s e l a g e  i s  designed by a combination of buck l ing ,  
c r i p p l i n g ,  y i e l d  and s t i f n e s s  c r i t e r i a  and s o  t h e  f u s e l a g e  weight  may be 
expressed  as:  
w F = w  + w  + w  + w  + w  
F,B F,C F,Y F,S F,F 
where, 
W is  t h e  weight  of t h e  f u s e l a g e  r e q u i r e d  t o  meet buck l ing  
F,B cr i ter ia ,  
W i s  t h e  f u s e l a g e  weight  r equ i r ed  t o  meet c r i p p l i n g  cri teria,  
F,C etc. 
This  express ion  can b e  r e w r i t t e n  as: 
1 +++- 
wF SI ::" - -  'F,C + 'F,Y 'Ft 'F , wF 'AF 
where, 
is  t h e  t o t a l  fu se l age  weight  minus t h e  f i x e d  f u s e l a g e  weight  
'AF d iv ided  by t h e  a i r f r ame  weight and t h e  r a t i o s  i n  b r a c k e t s  
r e p r e s e n t  t h e  f r a c t i o n s  of t h i s  weight  designed by t h e  
va r ious  cri teria.  
- wFt  
The f i n a l  term, 
W - ,PsFi s  t h e  fuse l age  f i x e d  weight  d iv ided  by t h e  a i r f r a m e  weight .  
AF W 
For our  purposes ,  t h e  fuse l age  f i x e d  weight  is  taken  t o  b e  2/3  of t h e  t o t a l  
f u s e l a g e  weight ,  i . e . ,  
F,F I 2/3;  - 'IF = 113 W 
wF wF 
4-A-2 
Express ions  f o r  each of t h e  weight  elements i n  t h e  above equa t ion  can now 
be d e r i v e d  as shown i n  Reference 1. 
t h e  c r i t i c a l  stress level, f C R ,  for a panel  of l e n g t h  ( a ) ,  wid th  (b), and 
t h i c k n e s s  (t) s u b j e c t  t o  f l a t - p l a t e  buckl ing  is: 
For example, f o r  t h e  buckl ing  criteria, 
2 
CR = KE (t) 
where K = buckl ing  c o e f f i c i e n t  and E = Young's modulus. 
The maximum load  (P) c a r r i e d  by t h i s  p l a t e  is: 
and t h e  t h e o r e t i c a l  weight  of t h e  p l a t e  is: 
w = abtp 
Combining t h e s e  equa t ions  and s u b s t i t u t i n g  for fCR w e  ob ta in :  
Ks 
P I  - w' = 
E 0 . 3 3 3  
where , 
The f a c t o r  % does n o t  vary  w i t h  m a t e r i a l  p r o p e r t i e s .  
f o r  p o s s i b l e  improvements i n  manufactur ing techniques  , a n a l y s i s  methods , etc. 
This f a c t o r  would have t h e  va lue  1.0 for t h e  b a s e l i n e  and would i n c r e a s e  
f o r  improved des ign  techniques .  
A "Design Fac to r , "  F, is now in t roduced  i n t o  t h e  equa t ion  t o  account  
The f i n a l  e q u a t i o n  then  is: 
Buckl ing  1 
4 -A- 3 
S i m i l a r  
C r  -
reasoning l e a d s  t o  t h e  fo l lowing  equa t ions  : 
0.325 I 'F KF,C p p l i n g  W F,C = [ FF,C EF 2 2 5  
Yield 
A s e p a r a t e  design f a c t o r  i s  used f o r  each p o r t i o n  of  t h e  f u s e l a g e  s o  t h a t  
improvements a f f e c t i n g  only  t h e  p o r t i o n  of t h e  fuse l age  designed by one of t h e  
fou r  criteria can b e  taken  i n t o  account  w i thou t  a f f e c t i n g  t h e  remaining weight .  
It should  b e  recognized t h a t  t h e  t h r e e  material Technology Parameters  
(E ,  f c y b  p) 
aggregate  material Technology Parameters  f o r  t h e  f u s e l a g e  (FMP) and f o r  t h e  
wing (WMP). 
are s t r o n g l y  i n t e r r e l a t e d  and should be  t r e a t e d  t o g e t h e r  as 
The " d r i v e r  p a r t i a l "  w i th  v a r i a t i o n s  i n  a l l  t h r e e  material parameters  i s  
de f ined  by 
r 
+ -  KF,C - =  
FF 
, 3 3 3  + (E +AEF)o*225(f  +Af ) 0 * 3 2 5  
AwF 
wF wF FF,C F CY CY 
4-A-4 
- 1  
Since  t h e  parameter  changes are small, then 
1 - b (e) 
., . 1 
(TP+ATP)~ TPb 
S u b s t i t u t i n g  t h i s  approximation and t h e  prev ious ly  de f ined  weight  components 
i n t o  t h e  " d r i v e r  p a r t i a l "  equa t ion ,  w e  o b t a i n  t h e  fol lowing:  
where, 
FMP 
The des ign  f a c t o r s  can be  v a r i e d  independent ly  and t h e i r  " d r i v e r  p a r t i a l s "  can 
be  obta ined  i n  a similar f a s h i o n ;  t h e r e f o r e i  
AwF AFF, i  'F,i (F) F F i  = - FF, i  [ 'F 1 
where i = buck l ing ,  c r i p p l i n g ,  y i e l d  s t i f f n e s s ,  and f i x e d  weight  
F i n a l l y ,  t h e  change i n  a i r f r a m e  weight  produced by a given change i n  a 
Technology Parameter  i s  given by 
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We f i n a l l y  obtain the equations given e a r l i e r  i n  Table 4-IV 
(?E) FMP E ( . ) ( % )  
and 
The wing weight i s  determined i n  exact ly  the same way as  the fuselage weight 
t o  provide 
where 
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H o r i z o n t a l  and v e r t i c a l  s u r f a c e s :  The h o r i z o n t a l  ( i f  any) and v e r t i c a l  
s u r f a c e s  are no t  a l a r g e  percentage  of t h e  t o t a l  a i r f r a m e  weight  and, i n  I 
g e n e r a l ,  are no t  as l i k e l y  t o  b e  s i g n i f i c a n t l y  a f f e c t e d  by technology changes 
as t h e  wing and f u s e l a g e .  Consequently,  they  w i l l  b e  handled  i n  a s i m p l i f i e d  
manner u s i n g  only one Technology Parameter,  i .e . ,  t h e  des ign  f a c t o r ,  FE. 
The e q u a t i o n  is: 
where,  
i s  t h e  average weight  per u n i t  area of t h e  s u r f a c e s ,  and 
i s  t h e  total  planform area  of the s u r f a c e s .  AE 
The change i n  s u r f a c e  weight  caused by a change i n  des ign  factor is 
o r  
The f i n a l  equa t ion  then  is: 
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Prope l l an t  
tanks  and p r e s s  
given as a perc  
system weight :  The p r o p e l l a n t  system weight  i nc ludes  t h e  
u r i z a t i o n  system. It i s  assumed t h a t  t h i s  weight  can be  
.entage of t h e  t o t a l  f u e l  weight ,  as: 
where, 
W - 
w f T  PS 
FPS 
The f i n a l  equat ion  i s :  
is  t h e  weight  p e r  u n i t  f u e l  weight ,  and 
i s  a des ign  f a c t o r .  
AwAF (2) 
1 +(?) 
Miscellaneous systems weight :  This  ca tegory  i n c l u d e s  l and ing  g e a r ,  
power, power d i s t r i b u t i o n ,  hydrau l i c s  and a l l  o t h e r  a i r f r a m e  subsystems 
n o t  included elsewhere.  For t h i s  s tudy ,  i t  is assumed t h a t  t h e  misce l laneous  
systems weight i s  a cons t an t .  
Lift-to-Drag Ratio.-  The v e h i c l e  g l i d e  L/D can b e  w r i t t e n  as,  
cL 
cD 
L / D  = - 
where C - 
i D - ‘D + ‘D 0 
4-A-8 




C i s  t h e  induced d rag  c o e f f i c i e n t  
The induced d rag  c o e f f i c i e n t  can be w r i t t e n  as 
i 
cD 
= ($) CL2 where - i s  the  induced d r a g  f a c t o r .  Both 
To f i n d  t h e  change 
cDi cL2 
‘Do and ‘ D i / C T 2  are taken  as Technology Parameters.  
Ir 
i n  L / D  for a g iven  change i n  t h e s e  parameters w e  u s e  : 
Zercj- l i f t  d rag  c o e f f i c i e n t :  The p a r t i a l  d e r i v a t i v e  of L,’E with C D ‘- La 
given  by : 0 




The change i n  L/D then is  g iven  by: 
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or 
Induced d rag  f a c t o r :  The change i n  L/D f o r  a change i n  t h e  induced 
drag  f a c t o r  is found i n  e x a c t l y  t h e  same way as done above2 
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METHOD MODULE 5 
TECHNOLOGY PROJECTIONS 
METHOD MODULE 5 - TECHNOLOGY PROJECTION METHODOLOGY 
Logic 
The f u n c t i o n  of t h e  s u b j e c t  methodology i s  t o  provide  estimates of t h e  
p o t e n t i a l  technology improvements which could impact t h e  o p e r a t i n g  c o s t  of 
a boos t -g l ide  t r a n s p o r t  (BGT) . 
The estimates of t h e  technology improvements are  t o  b e  made by s p e c i a l -  
ists i n  t h e  a f f e c t e d  technology areas (e .g . ,  aerodynamics).  The estimates 
may b e  de r ived  by a judgmental  p rocess ,  b u t t h e  r a t i o n a l e  f o r  t h e  judgment 
is t o  b e  documented, The r a t i o n a l e  w i l l  inc lude  such c o n s i d e r a t i o n s  as t h e  
technology inco rpora t ed  i n t o  t h e  b a s e l i n e  a i r c r a f t ,  h i s t o r i c a l  t r e n d s ,  
fundamental  p h y s i c a l  l i m i t s ,  and t h e  s p e c i a l i s t s '  concept ion  of f u t u r e  
developments t o  t h e  end of t h e  cen tu ry .  
To promote cons i s t ency  a c r o s s  t h e  range of technology p r o j e c t i o n s ,  t h e  
The s c e n a r i o  w i l l  s p e c i a l i s t s  w i l l  be  provided a "Technological Scenar io ."  
p r e s e n t  a framework of pe r spec t ives  and cond i t ions  w i t h i n  which t h e  BGT 
tezhnelcgical deve lcqsen t s  m,ay h e  asslmed tc! unfnld. 
Technological  Scenar io  is  g iven  i n  t h e  Demonstration s e c t i o n  of t h i s  module. 
An er.am?le of a 
The s p e c i a l i s t s  are a l s o  t o  be  provided t h e  r e s u l t s  of Method Module 2.-  
That module genera tes  a comprehensive unders tanding  Baseline BGT D e f i n i t i o n .  
of t h e  b a s e l i n e  BGT, i ts  technology s t a t e -o f - the -a r t ,  and t h e  s p e c i f i c  base- 
l i n e  v a l u e s  f o r  t h e  Technology Parameters .  
The Technology Parameters  l i s t e d  i n  Table 5-1 are terms e x p r e s s i v e  of 
t h e  s t a t e -o f - the -a r t  w i th in  s p e c i f i c  technology areas and which have quan t i -  
t a t ive  r e l a t i o n s h i p s  ( r e f e r e n c e  Module 4.- Technology Parameter Equat ions)  
w i th  t h e  D r i v e r s ,  
The parameters  are l i s t e d  w i t h i n  t h r e e  technology areas: aerodynamics; 
a i r f r a m e  des ign ;  and materials,  The aerodynamics parameters  are i d e n t i f i e d  
f o r  t h e  complete a i r f r a m e  conf igu ra t ion ;  a t  t h e  o p t i o n  of t h e  u s e r ,  t h e s e  
parameters  may b e  subdivided i n t o  wave, f r i c t i o n ,  and i n t e r f e r e n c e  d rag  f o r  
t h e  i s o l a t e d  and i n t e g r a t e d  a e r o  s u r f a c e s ,  The a i r f r ame  des ign  parameters ,  
F (  1, and aggrega te  material parameters  (FMP, WMP) are va lues  a f f e c t i n g  
a i r f r a m e  s t r u c t u r a l  weight.  For  t h e  present  method, t h e  parameters  app ly  
only  t o  t h e  prime s t r u c t u r e  of  t h e  fuse l age  and wing elements  of t h e  a i r -  
frame. The aggrega te  material parameters a re  syn thes i zed  terms (developed 
i n  Module 4 )  which r e f l e c t  t h e  r e s u l t a n t  i m p a c t  which material p r o p e r t i e s  
( P ,  f cy ,  and E) have upon f u s e l a g e  and wing s t r u c t u r a l  weight .  
of t h e s e  t e r m s  i s  t o  c o r r e l a t e  t h e  interdependent  e f f e c t s  which advanced 
The purpose 
TABLE 5-1.- TECHNOLOGY PARAMETERS 
.erodynamics 




c /CL2 induced d rag  f a c t o r  
mr ega te  m a t e r i a l s  p rope r  t-ies 
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
rirframe d e s - i E  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  des igned  by buck l ing  
W,B c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  designed by c r i p p l i n g  w, c cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  designed by s t i f f n e s s  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  w, s 
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  designed by y i e l d  
w,y c r i te r ia  (= 1.00 f o r  b a s e l i n e )  
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  no t  designed by 
W,F primary loads  
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
F,B buck l ing  c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by 
F,C c r i p p l i n g  c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by s t i f f n e s s  
c r i te r ia  ( 5  1.00 f o r  b a s e l i n e )  F ,S  
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TABLE 5-1.- TECHNOLOGY PARAMETERS - Concluded 
r 
d e s i g n  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  designed by y i e l d  
c r i te r ia  (= 1.00 for b a s e l i n e )  
d e s i g n  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  n o t  designed by 
primary l o a d s  (a 1.00 f o r  baseline) 






FP d e s i g n  f a c t o r  f o r  p r o p e l l a n t  system weight (= 1.00 for b a s e l i n e )  
t 
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materials p r o p e r t i e s  would have upon weight ,  The d e s i g n  parameters  are 
f a c t o r s  r e f l e c t i n g  t h e  s t a t e - o f - t h e - a r t  of a n a l y s i s  and manufactur ing.  
d e f i n i t i o n ,  t h e s e  f a c t o r s  apply i n v e r s e l y  t o  t h e  weights  of t h e  a i r f r a m e  
components and are u n i t y  f o r  t h e  b a s e l i n e ,  A s  knowledge, techniques ,  and 
t o o l s  improve i n  t h e  areas of thermal  and s t r u c t u r a l  a n a l y s i s ,  material 
p r o p e r t i e s ,  and f a b r i c a t i o n ,  t h e  d e s i g n  f a c t o r s  would b e  expected t o  exceed 
By 
r p i  ty. 
In  a d d i t i o n  t o  t h e  Technology Parameters  l i s t e d  i n  T a b l e  5-1, pro- 
j e c t i o n s  must b e  made on t h e  f o u r  Driver Parameters f o r  which no Technology 
Parameters were d e f i n e d ,  These are  weight p e r  u n i t  area of t h e  thermal  
p r o t e c t i o n  system, (W/A)T~S; t h e  r o c k e t  engine  s p e c i f i c  impulse,  Isp; t h e  
r o c k e t  engine weight t o  t h r u s t  r a t i o ,  (W/T)ME; and f i n a l l y ,  t h e  thermal  
p r o t e c t i o n  system l i f e ,  LTPS, expressed i n  number of f l i g h t s ,  
t h r e e  a r e  a l r e a d y  technology o r i e n t e d  and p o t e n t i a l  improvements can b e  
pro jec ted  d i r e c t l y .  
however, Appendix 5-A c o n t a i n s  a suggested methodology f o r  p r o j e c t i n g  
improvements i n  t h i s  parameter ,  
The f i r s t  
The las t  parameter ,  LTpS, is n o t  as s t r a i g h t f o r w a r d ;  
With t h e  i n p u t s  l i s t e d  below, t h e  technology s p e c i a l i s t s  s h a l l  p r e p a r e  
t h e i r  estimates of t h e  p o t e n t i a l  improvements i n  t h e  Technology Parameters  
and Drivers  and submit t h e i r  p roducts  as d i r e c t e d .  
Input  Data 
The fo l lowing  informat ion  s h a l l  b e  i n p u t  t o  t h i s  module: 
BGT b a s e l i n e  d a t a  ( r e :  M0duI.e 2 ,  Tables  2-111 and 2-IV) .- 
Mission d e f i n i t i o n :  
(Mission p r o f i l e )  
Performance c h a r a c t e r i s t i c s  : 
Opera t iona l  c h a r a c t e r i s t i c s :  
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I 
Vehicle characteristics : 
(Configuration; general arrangement) 
((w/s)GLoW, ‘D, ‘L) 
(NTJ , TTJ 9 GLOW) 
Weight characteristics: 
(Summary weight statement) 
Design description: 
(Wing structure, materials) 
(Empennage structure, materials) 
(Fuselage structure, materials) 
(Tankage structure, material) 
(Thermal management) 
(Propulsion systems installation) 
(Turbojet description) 
(Main engine description) 
(Avionics) 
(Equipment) 
Technology parameters: The baseline Technology Parameters shall have 
been specified in the format shown in the Demonstration section (Table 5-IV) 
of this module, 
Technol.ogica1 scenario (re :. Module l).. - 
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Procedures  
1. The s p e c i a l i s t  s h a l l  review t h e  i n p u t  d a t a  f o r  in format ion  r e l e v a n t  
i n  h i s  technology a r e a ( s )  . 
2 ,  For each Technology Parameter as l i s t e d  i n  Table  5-1, t h e  s p e c i a l -  
i s t  s h a l l  f o r e c a s t  t h e  p o t e n t i a l  technology improvement(s) and p r e p a r e  a 
iecnnoiogy P r o j e c t i o n  S 'nee i ,  ab shxi, ulr f ig i i r e  5-l. Thzsc f m p r o ~ - z z x ~ , ~ s  
shall be  p r o j e c t e d  w i t h i n  t h e  framework of t h e  Technologica l  Scenar io .  
They are t o  b e  summarized i n  Table  5-11. 
In  f o r e c a s t i n g  improvements i n  t h e  a g g r e g a t e  material parameters ,  
t h e  i n d i v i d u a l  p r o p e r t i e s  ( P ,  f c y ,  E)  of advanced materials s h a l l  b e  e n t e r e d  
i n t o  the  fo l lowing  e x p r e s s i o n s :  
AFMP 
FMP 
- s  
wF + 0.23 'F,C ++) 
(1 +%) [' - ( 3 ( 0 * 3 3  w; w; wF 
A ww + 0 . 2 3  ww,c + 
(1 +?) [ 1 - (F)(o.33 w;J w;J 
1 
where t h e  weight r a t i o s  a r e  obta ined  from Table  5-111. 
r a t i o s  shown a r e  a p p r o p r i a t e  t o  t h e  accuracy requirements  of t h i s  module. 
(Note: The weight 
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A 
Basis f o r  E s t i m a t e  
t 
% Improvement 
Technology Parameter: w - -  
B a s e l i n e  Value: 
A 
B a s e l i n e  Reference  Report:  
Techno 1 o g y Par ame t er. 1mp.r o vemen t : 
z 90% (Conservative) 
~ 5 0 %  (Probable) 
~ 1 0  % (opt i m i s  t i c ) 
R a t i o n a l e  (use  a d d i t i o n a l  page, as r equ i r ed ) :  




Date: - .  . 
F i g u r e  5-1.- Sample format: Technology P r o j e c t i o n  Sheet 
(See Attachment f o r  no te s  of e x p l a n a t i o n )  
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Attachment t o  F i g u r e  5-1.- Notes of e x p l a n a t i o n  
@ Enter  t h e  name and symbol o f  t h e  Technology Parameter ,  e ,g . ,  z e r o - l i f t  d r a g  c o e f f i c i e n t ,  CD , o r  Driver, as 




Enter  t h e  v a l u e  from t h e  i n p u t  d a t a .  
Enter  t h e  document r e f e r e n c e s  which provide  t h e  b a s i s  f o r  
t h e  Base l ine  Value. 
At a minimum, e n t e r  t h e  50% conf idence- leve l  (CL) estimate 
as a percentage  of t h e  b a s e l i n e  va lue .  The h i g h e r  and lower 
CL estimates are d e s i r e d ,  b u t  n o t  mandatory. The 50% CL 
estimate i s  considered t o  b e  as l i k e l y  t o  be  a t t a i n e d  as 
i t  is  n o t  t o  b e  a t t a i n e d ,  
Enter  a n a r r a t i v e  r a t i o n a l e  s u p p o r t i v e  of t h e  probable  
estimate. The r a t i o n a l e  may u s e  h i s t o r i c a l  t r e n d s  and/or  
f u t u r e  e x p e c t a t i o n s .  
@ 
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TABLE 5-11. - TECHNOLOGY PROJECTION SUMMARY - 
REQUIRED OUTPUT FROM MODULE 5 
Technology Parameter, TPi 
Aerodynamics 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
induced d rag  f a c t o r  'D, "L 
J. 
Airframe desip- 
des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by buckl ing  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w,  B F 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
w,c designed by c r i p p l i n g  cr i ter ia  
i= i.00 f o r  b a s e i i n e )  
des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by s t i f f n e s s  cr i ter ia  
(= 1.00 f o r  b a s e l i n e )  
w, s F 
des ign  f a c t o r  f o r  wing s t r u c t u r e  
(= 1.00 f o r  b a s e l i n e )  
w,y designed by y i e l d  cr i ter ia  
F 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
no t  designed by primary l o a d s  
(= 1.00 f o r  b a s e l i n e )  
W,F 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,B s t r u c t u r e  designed by buckl ing  
c r i te r ia  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  
F,C s t r u c t u r e  designed by c r i p p l i n g  
c r i te r ia  (= 1.00 f o r  b a s e l i n e )  




m i s t  i c )  
50% 
(Prob- 
a b l e )  
90% 
(Conser- 
v a t i v e )  
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TABLE 5-11.- TECHNOLOGY PROJECTION SUMMARY - 
REQUIRED OUTPUT FROM MODULE 5 - Continued 
Technology Parameter,  TPi 
des ign  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  des igned  by s t i f f n e s s  
cri teria (= 1.00 f o r  b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  des igned  by y i e l d  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  n o t  des igned  by 
primary l o a d s  (= 1.00 f o r  
base1  i n e )  
des ign  f a c t o r  f o r  empennage 
weight (= 1.00 f o r  b a s e l i n e )  
d e s i g n  f a c t o r  f o r  p r o p e l l a n t  
system weight (= 1.00 f o r  
b a s e l i n e )  
ig g r  ep a t e materials proper  t ies 
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
Chermal P r o t e c t i o n  S y s t e m  -(TP-S) 
ave rage  weight p e r  u n i t  area 
of TPS 
TPS l i f e  i n  number of f l i g h t s  LTPS 
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ATP./TP.  Percent  
1 1  
1 n7 
:Opt i- 
i i s t ic )  
- 
- 5na - .-
(Prob- 
a b l e )  
9oz 
(Conser- 
vat i v e )  
TABLE 5-11.- TECHNOLOGY PROJECTION SUMMARY - 
REQUIRED OUTPUT FROM MODULE 5 - Concluded 
Technology Parameter,  TPi 
P ropu l s ion  
main engine vacuum s p e c i f i c  
ISP impulse 
main engine weight t o  s e a - l e v e l  
t h r u s t  
OTP./TP.  Percent  
1 1  
10% 50% 90% 
m i s t i c  a b l e )  v a t i v e )  
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TABLE 5-111,- APPROXIMATE WEIGHT RATIOS FOR PRIME STRUCTURAL 
ELEMENTS OF HYPERSONIC TRANSPORT AS DESIGNED 
Design c r i t e r i o n  
Buckling 
Cr ippl ing  
S t  i f  f n e s s  
Y i e l d  






















W e i l  
Sandwich panel  




0 .20  
.. 




it R a t i o  
Skin-s t i f  f ened 












e r ,  estimates are a v a i l a b l e  for t he  s p e c i f i c  b a s e l i n e  BGT d e s i  
i t  i s  suggested they  b e  used i n  l i e u  o f  Table 5-111). 
3 .  A l l  Technology P r o j e c t i o n  Shee ts  s h a l l  b e  c o l l e c t e d  and compiled I 
w i t h i n  a summary t a b l e  as shown i n  Table  5-11. I 
Output Data 
The o u t p u t  of t h i s  module s h a l l  be Technology P r o j e c t i o n  Shee ts  
( r e f e r e n c e  f i g u r e  5-1), corresponding t o  t h e  Technology Parameters  given 
i n  Table  5-1, and t h e  Technology P r o j e c t i o n  Summary shown i n  Table  5-11, 
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DEMONSTRATION 
This  s e c t i o n  provides  a t y p i c a l  example of how t h e  procedures  of t h i s  
method module are t o  be app l i ed .  
t h e  BGT b a s e l i n e  def ined  i n  Module 2 of t h i s  r e p o r t ,  The s e l e c t i o n  of d a t a  
and format responds t o  t h e  preceding "Input  Data" requi rements .  
The example g iven  below i n c l u d e s  d a t a  from 
Input  Data 
Summary c h a r a c t e r i s t i c s  of t h i s  baseline BGT are p resen ted  i n  
Table  2-VIII. 
Mission.- The mission of t he  base l ine  BGT is t o  t r anspor t  payloads 
of 19 050 kg (42  000 lb) t o  d e s t i n a t i o n s  cor responding  i n  r ange  t o  
17 190 km (10 680 s. mi . ) .  
commercial t r anspor t  a i r c r a f t  over i n t e r n a t i o n a l  rou tes .  
The BGT i s  t o  o p e r a t e  r o u t i n e l y  and s a f e l y  as a 
The BGT i s  t o  have the  f l e x i b i l i t y  of car ry ing  e i t h e r  passengers or  
cargo, with payload-peculiar modifsications being l imi ted  t o  t h e  payload 
compartment and payload provis ions.  The bas i c  economic ana lys i s  i n  Module 
3 assumes a cargo payload, and d i r e c t  opera t ing  c o s t s  are expressed i n  
cents  per  ton-mile. 
mile is  a l so  given i n  Nodule 3. 
The procedure f o r  convert ing t o  cen t s  p e r  passenger- 
The f l i g h t  p r o f i l e  f o r  the  base l ine  mission i s  shown :n f igu re  2-2. 
Following v e r t i c a l  launch, the  g l ide  vehic le  i s  acce lera ted  t o  i t s  maximum 
ve loc i ty  a t  a main engine burnout a l t i t u d e  of61 060 m (220 000 f t ) .  
t h e v e h i c l e  d e c e l e r a t e s  from m a i n e n g i n e  burnout  c o n d i t i o n s  t o  a g l i d e  
v e l o c i t y  of 366 m/sec (1200 f t / s e c ) .  
pa th  is t h a t  t r a v e r s e d  du r ing  t h e  f i n a l  descen t  and l and ing  approach. 
The a scen t  phase c o n t r i b u t e s  about  6 . 4  p e r  c e n t  of t h e  range ,  t h e  g l i d e  
(and cruise) phases  cover about  93.2 pe r  c e n t ,  and t h e  f i n a l  descen t  and 
l and ing  approach about  0.4 p e r  cent of t h e  t o t a l  range .  
0.10 hours for ground-taxi a f t e r  touch-down y i e l d s  a t o t a l  mission time 
of 1.5 hours. 
The g l i d e  
__  (and ~ c r u i s e )  - _  p a t h  is  def ined  as t h a t  p o r t i o n  of the f l i g h t  pa th  a long  which 
The terminal segment of t h e  f l i g h t  
Total  f l i g h t  t i m e  i s  1.40 hours f o r  t he  base l ine  mission. Allowing 
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TABLE 2-VII1.- BASELINE BGT SUMMARY CHARACTERISTICS 
dission and opera t ions  
Payload weight . . . . . . . . . . . . . . . . . .  19 050 kg (42 000 l b )  
Payload volume . . . . . . . . . . . . . . . . . . .  549 m3 (19 400 f t 3 )  
Passenger seats. . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,195 
Block t i m e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 h r  
F l igh t  cyc les  during depreciable  l i f e  . . . . . . . . . . . . . . .  7143 
Tota l  range f o r  due-East launch . . . . . . .  17. 190 km (10 680 S .  mi.) 
Vehicle 
Aerodynamic configurat ion:  double-delta, low-wing blended with f l a t  
underside of m o d i f i e d , . e l l i p t i c a l ,  homothetic body; elevons p lus  
canard f o r  subsonic only; s i n g l e  v e r t i c a l  with s p l i t  rudder/speed 
brake. 
General arrangement: hybrid i n t e g r a l  LH2 m u l t i c e l l  tank forward; LO2 
m u l t i c e l l  tank in tegra ted  with wing carry-through and "mult icel l"  pay- 
load compartment; propulsion sec t ion  a f t .  
Main engines:  twelve main engines improved from S h u t t l e  Orbi te r  
Post-ascent engines: 
Loi te r / landing  engines: 
two Space Tug-type engines 
four  hydrogen-fueled nonaugmented t u r b o j e t s  
Iesign and s t r u c t u r e s  
Wing : 
Ver t i ca l  ta i l :  thermally protected aluminum a l l o y  
Fuselage: thermally protected aluminum a l l o y  
Propel lan t  tanks: aluminum a l l o y  mul t i ce l l  tanks in t eg ra t ed  with 
Thermal .p ro tec t ion  system: 
thermally protected aluminum a l l o y  mul t i spar  
fdse l age  and carry-through i n  a hybrid conf igura t ion  
in su la t ion ;  re inforced  carbon-carbon i n  wing leading  edge and 
body nose cap 
Propulsion sec t ion :  l ight ly- loaded ex terna l  s t r u c t u r e ;  l a r g e  access 
panels;  swing-out i n l e t s  f o r  turbo jet  engines 
ceramic and e las tomer ic  reusable  su r face  
[eight 
Gross take-off weight. . . . . . . . . . . . .  .l 814 400 kg (4 000 000 l b )  
Landing weight . . . . . . . . . . . . . . . . .  277 610 kg (612 000 lb) 
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Performance.- BGT performance i s  summarized i n  t h e  f l i g h t  p r o f i l e ,  
f i g u r e  2-2, and i n  the  confirmation of range on pages 2-18, 2-20, and 
2-21. 
i n  t h e  confirmation. 
t o  t h e  performance d e f i n i t i o n  are summaried in  t h e  following l i s t i n g :  
Short v e r t i c a l  boost phase followed by programed pitchdown 
maneuver. 
Primary input  values  upon which t h e  performance is  based appear 
Other condi t ions and/or assumptions which c o n t r i b u t e  
Sequent ia l  engine t h r o t t l i n g  and shutdown t o  hold limit a c c e l e r a t i o n  
t o  2g. 
'%in engine burnout a t  zero f J i g n t  path angle  and a t  a l t i t u d e  
f o r  commencement of the g l i d e  (or cruise) .  
Propel lan t  mass f r a c t i o n  of 0.8352 usable by main engines,  
Propel lan t  mass f r a c t i o n  of 0.02685 (based on W 
post-ascent engines.  
) usable by BO 
Hypersonic l i f t - d r a g  r a t i o  of 3.0 assumed t o  be  constant  through- 
out g l i d e  descent.  
Subsonic l i f t - d r a g  r a t i o  of about 5.0. 
Operational c h a r a c t e r i s t i c s . -  Factors which def ine  BGT u t i l i z a t i o n  
are summarized i n  t h e  following t abu la t ion .  
T i m e  of f l i g h t ,  tF = 1 . 4  h r  
Biock t i m e ,  tB = 1.5 h r  
Average u t i l i z a t i o n ,  U = 1000 f l i g h t  hr /yr  
Deprec iab le  l i f e ,  Ld = 10 y r  
U t i l i z a t i o n  during depreciable  l i f e  = 10 000 f l i g h t  h r  
= 10 714 block h r  
Non-util ization during depreciable  l i f e  = 76 886 h r  
F l i g h t  cycles  during depreciable  l i f e  = 7143 
Tota l  number of s e a t s  = 200 
Number of passenger seats = 195 
Average load f a c t o r  = 0.60 
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Configuration and general  arrangement.- The genera l  arrangement of t h e  
base l ine  BGT is shown i n  f i g u r e  2-3. 
Body: The base l ine  design employs a homothetic (constant cross-  
s ec t iona l  shape) body. 
-LRC from a b a s i c  cross-sect ion having an  e l i p t i c i t y  of 2.0.  
of a f l a t  undersurface and inward s l o p h g  s i d e  sur faces  y i e l d s  favorable  
surfaces .  A high-fineness r a t i o  nose (0.833 t i m e s  body length)  con t r ibu te s  
t o  t h e  attainmei-it &f a hypersonic l i f t - d r a g  r a t i o  of 3.0. 
improves hypersonic p i t c h  t r i m .  
This body cross-sect ion has  been developed by NASA/ 
The combination 
hypersunic I iLi-drZg &a;actc;isties c:d reduces fieat 1 ~ ~ d c  on t h e  s i d e  
Nose camber 
Wing: The double d e l t a  wing planform w a s  s e l ec t ed  based on S h u t t l e  
phase C f indings.  Bas ica l ly ,  t he  double d e l t a  (1) extends the  use fu l  
angle  of a t t a c k  range, i . e .  - postpones s t a l l ,  (2)  l i n e a r i z e s  the  p i t ch ing  
moment c h a r a c t e r i s t i c  a t  low speed, (3 )  a l s o  reduces t h e  s h i f t  of t he  aero- 
dynamic center  wi th  Mach number, and ( 4 )  f u r t h e r  s h i e l d s  the  s i d e s  of t he  
fuselage from high hea t ing .  The planform of t h e  b a s i c  wing (neglect ing 
the  forward glove) has an aspect  r a t i o  of 2 .265  and t ape r  r a t i o  of 0 .2  
as does the Shut t le .  Full-span elevons are t h e  primary aerodynamic means 
of developing p i t c h  and r o l l  con t ro l  forces .  
Canard sur face :  A canard con t ro l  su r f ace ,  which is  stowed f l u s h  with 
the  forward body s i d e  sur face  during hypersonic and supersonic  f l i g h t ,  is  
deployed as a con t ro l  and l i f t  augmentation device f o r  subsonic f l i g h t  only.  
The canard con t ro l  sur face  can increase  elevon e f f ec t iveness  by reducing 
t h e B G T  s t a b i l i t y  margin when deployed. The canard a l s o  augments t h e  
e levon 
of desired response. 
by provid ing  c o n t r o l  fo rces  on a long moment arm i n  the  d i r e c t i o n  
Vertical t a i l :  The s i n g l e  ver t ica l  t a i l  arrangement is adapted from 
Shut t le .  
t h e  supersonic  f l i g h t  regime and d rag  modulat ion f o r  t h e  subsonic  
f l i g h t  phases ,  approach and landing .  
A s p l i t  rudder provides d i r e c t i o n a l  s t a b i l i t y  augmentation i n  
I n t e r i o r  arrangement: The arrangement of t he  LH2 and LO2 tanks and 
payload compartment provides a fuse lage  packaging e f f i c i ency  of 0 . 7 3 4  
excluding propuls ion and crew compartment. This i s  achieved i n  p a r t  by the 
use of mul t i ce l l  tanks,  i n  p a r t  by the  use of a hybrid i n t e g r a l  tank 
s t ruc tu re  and i n  pakt by t h e  i n t e g r a t i o n  of t he  LO2 tank wi th  t h e  wing 
ca r ry  through, and the  adjacent  l oca t ion  of the  payload compartment. A s  
shown i n  f i g u r e  2-2, t he  l a r g e  LH2 tank is of 3-cel l  cons t ruc t ion ;  both the  
LO2 tank and payload compartments u t i l i z e  5 cel ls .  The payload compartment 
is located c lose  t o  t h e  vehic le  center  of g rav i ty  t o  minimize the  e f f e c t s  
of payload va r i a t ions  on c.g. and t r i m .  
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Propulsion: The BGT boost propuls ion employs 1 2  main engines which 
are derived from the Shut t le  o r b i t e r  main engines.  Two small space tug- 
type engines are employed during the  post-ascent per iod f o r  con t ro l  augmen- 
t a t i o n  and range extension. Four i n t e g r a l  hydrogen-burning a i r b r e a t h e r s  are 
used f o r  idle-mode descent ,  f i n a l  approach and landing. Su f f i c i en t  f u e l  is 
ca r r i ed  t o  provide a 173 s .  m i .  l o i t e r  capab i l i t y  a t  t he  end of t he  mission 
Through the modular addi t ion  of nacelle-mounted a i r b r e a t h e r s ,  a se l f - f e r ry  
capab i l i t y  a l s o  i s  provided. 
iu dLLU,,u,,"C;dir &Isys ill I*,,&ig 3r tv  IjErm3= tk,e .. - -  -1 - 7  L L -  l z2  - 1  3 -  
U J C  V L  a i C e L L L a C c  L I C L U ~ .  
Configuration da ta :  Selected d a t a  which summarize t h e  geometrical  
c h a r a c t e r i s t i c s  of t h e  base l ine  BGT are presented i n  Table 2-IX. 
Aerodynamic cha rac t e r i s t i c s . -  Aerodynamic c h a r a c t e r i s t i c s  of t he  base- 
l i n e  BGT a r e  based on a reference wing area of 1115 m2 (12 000 f t 2 ) ,  
is t h e  planform area of t he  bas i c  wing including t h a t  po r t ion  covered by 
the , fuse l age  and excluding the  forward d e l t a ,  
This 
For  maximum range, t he  BGT w i l l  g l i d e  a t  maximum l i f t - d r a g  r a t io .  Key 




C /CL2 = 1.62 
Di 
= 0.133 cL 
= 0.0436 D c 
LID = 3.0 
Reference wing loading a t  landing i s  277  600 kg11115 m2 o r  249 kg/m2 
Landing speed is approximately. 267 km/hr (166 S. mi./hr.). (51 lb ' lf t ' ) ,  
Mass p r o p e r t i e s  summary'.- Est imated we igh t s  of the baseline BGT 
are summarized i n  Table  2-X. The weight  estimates summarized i n  the 
t a b l e  are the b a s i s  f o r  d e r i v a t i o n  o f - t h e  weight  f r a c t i o n s  f o r  use i n  
Module 3 and weight  parameters  f o r  Module 4. 
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LH2 tank volume 
LO2 tank volume 
Payload compartment volume 
Fuselage t o t a l  volume 
Wing 
Reference a r e a  
Exposed area less fwd d e l t a  
Exposed area with fwd d e l t a  
Aspect r a t i o  
Taper r a t i o  
Root chord 
Tip chord 
Exposed r o o t  chord 
Mean aerodynamic chord 
Wing span 
Exposed s t r u c t u r a l  semi-span 
Leading edge sweep 
T r a i l i n g  edge sweep 
Elevon hinge l i n e  sweep 
Elevon area 





Leading edge sweep 
Rudder area 
Canard ( a l l  movable) 
Exposed area 




3920 m 3  
1800 m 3  
7015 m 3  
11 180 m 
300 f t  
30 f t  
26.6 f t  
19 400 f t 3  
247 700 f t 3  
120 300 f t 3  
42 170 f t 3  
1115 m2 I 1 2  000 f t 2  


















30.6 m2 I 
45O 
33.4 m2 
5780 f t 2  
6565 f t 2  
121.3 f t  
24.3 f t  
86.0 f t  
7 2 . 8  f t  
164.8 f t  
52.4 f t  
1170 f t 2  
1311 f t 2  
43.0 f t  
19.5 f t  
48.0 f t  
329 f t 2  
360 f t 2  
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TABLE 2-X.- BGT WEIGHT SUMMARY 
I t e m  
Structure ,  wS 
Wing 
Ver t ica l  t a i l  
Canard 
Body 
Propel lant  tanks 
Propellant tank in su la t ion  
Eq 
Post-ascent engine and system 
Propel lant  system 
Landing gear 
Surface con t ro l s  
Power and d i s t r i b u t i o n  
Hydraulics 
Environmental con t ro l  
Equipment, W 
Thermal pro tec t ion  system, WTps 
Wing 
Ver t ica l  t a i l  
Body 
Main engine and accessor ies ,  WME 
Air-breathing propulsion system, 
Avionics 






ABPS fue l  
Residuals 
LAND I & WE IGHT 






















1 3  230 
(35 730) 
(12 070) 
( 1  860) 









~ (277 610) 
- 
































Post-ascent propulsion and supplementary 
ACS propellants 




(7 710) (17 000) 
Reserve fluids 
Ascent-phase losses 





(1 515 470) 
(1 810) (4 000) 
(287 130) (633 000) 
GROSS LIFT-OFF WEIGHT I (1 814 400) 
(11 500) 
(14 500) 
(3 341 000) c (4 000 000) 
5-23 
The primary s t r u c t u r a l  and subsystems weights  f o r  t h e  boos t -g l ide  t r a n s -  
p o r t  (BGT) are  es t imated  t o  b e  r e p r e s e n t a t i v e  f o r  t h e  post-2000 t i m e  per iod .  
In p r e d i c t i n g  BGT weights  u s i n g  t h e  c u r r e n t  Space S h u t t l e  O r b i t e r  weight 
s ta tement  as a r e f e r e n c e ,  s e l e c t e d  weight improvements a s s o c i a t e d  wi th  t h i s  
l a te r  time per iod  are i n c o r p o r a t e d .  
- 7 - L ? - -  :- +h- -.nit I : ' ~ i ~ h t - =  cf +_he primzly s tr~ lc t~ lre  r l a t ive  A I I M ~ U L  I C U U ~ L ~ ~ ~ ~  -SI-- 0-- - - 
t o  S h u t t l e  convent iona l  materials and d e s i g n  is  p o t e n t i a l l y  a c h i e v a b l e  wi th  
advance materials and composites.  Therefore ,  t h e  BGT u n i t  weights  f o r  t h e  
wing, t a i l ,  moveable s u r f a c e s  and body, i n c l u d i n g  carry- through and t h r u s t  
s t r u c t u r e ,  are p r e d i c t e d  as 25 percent  less t h a n  S h u t t l e  O r b i t e r  u n i t  
weights ,  
Technology Parameters  
Table 5-IV g i v e s  t h e  b a s e l i n e  v a l u e s  f o r  t h e  demonstrat ion BGT des ign .  
TechnologicaJ Scenario.-  By t h e  e a r l y  ~ O ' S ,  t h e  S h u t t l e  program w i l l  
have demonstrated i t s  promised economics of launch and r e u s e .  
f a v o r a b l e  p u b l i c  and government r e a c t i o n  t o  t h e  a i r p l a n e - l i k e  mode of f l i g h t  
i n t o  space w i l l  p rovide  suppor t  f o r  i n c r e a s e d  t r a f f i c  and a d d i t i o n a l  miss ion  
a p p l i c a t i o n s ,  During t h e  mid-801s, t h e  S h u t t l e  w i l l  b e  f l y i n g  r o u t i n e  
miss ions  t o  space,  and p o s t - f l i g h t  refurbishment  and pre-launch r e a d i n e s s  
opera t ions  w i l l  g r a v i t a t e  toward a i r l i n e - t y p e s  of p r a c t i c e s .  Technology 
w i l l  b e  a c c e l e r a t e d  t o  reduce r e c u r r i n g  and o p e r a t i o n s  c o s t  through longer-  
l i f e  propuls ion hardware and minimum maintenance thermal  p r o t e c t i o n  systems. 
A h i g h l y  
By t h e  e a r l y  g o ' s ,  turn-arounds w i t h i n  several hours  and automated pre- 
f l i g h t  checks and countdowns w i l l  be  commonplace. A d d i t i o n a l  economies w i l l  
b e  e f f e c t e d  by reducing  t h e  amount and u n i t  c o s t  of t h e  expendable hardware. 
With continued improvements i n  materials and f l i g h t  technologies ,  t h e  
p o t e n t i a l  of  a n  economic s ingle-s tage- to-orb i t  S h u t t l e  w i l l  b e  seen  t o  b e  
a p r a c t i c a l  g o a l  by t h e  l a t e  9 0 ' s .  
of  t h e  technologica l  and o p e r a t i o n a l  s ta te -of - the-ar t  t o  a boos t -g l ide  t r a n s -  
p o r t  (BGT) w i l l  receive growing acceptance  by t h e  government. 
of-the-century,  an advanced S h u t t l e  w i l l  demonstrate  t h e  p r a c t i c a b i l i t y  of 
f l y i n g  boos t -g l ide  miss ions  t o  any p l a c e  on t h e  e a r t h ' s  s u r f a c e  w i t h i n  a 
1.5 hour b lock  t i m e .  This p o s i t i o n  w i l l  b e  augmented by t h e  a v a i l a b i l i t y  
of cheap power and low-cost p r o p e l l a n t s  made p o s s i b l e  by t h e  i n t r o d u c t i o n  
of fus ion  energy systems,  The m i l i t a r y  and c i v i l  t r a n s p o r t a t i o n  impli-  
c a t i o n s  of t h e  demonstrat ion w i l l  create a s u r g e  of suppor t  f o r  a go-ahead 
of t h e  BGT t o  b e  o p e r a t i o n a l  by t h e  second decade of t h e  new c e n t u r y .  
Concurrent ly ,  t h e  p o t e n t i a l  a p p l i c a t i o n  
By t h e  turn-  
TABLE 5-IV - TECHNOLOGY PARAMETERS 
S I  u n i t s  Techno logy Parameter Engl i sh  u n i t s  
4er odynamic s 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
CD. / C L 2  induced d r a g  f a c t o r  
1 
&gr eg a t e m a t  er i a  1 p.rp per  t i e  s 
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
Airframe d e s i g n  
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
W,B designed by buckl ing  c r i t e r i a  
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
w,c designed by c r i p p l i n g  c r i te r ia  
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
designed by s t i f f n e s s  c r i te r ia  w, s 
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  w, y designed by y i e l d  c r i te r ia  
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  n o t  
W,F designed by primary l o a d s  
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F,B s t r u c t u r e  designed by buckl ing 
c r i t e r i a  
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F,C s t r u c t u r e  designed by c r i p p l i n g  















*The parameters  FMP and WMP always have t h e  v a l u e  1 . 0  f o r  t h e  b a s e l i n e  
v e h i c l e .  (See Module 4 f o r  d e f i n i t i o n ) .  
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TABLE 5-1V.- TECHNOLOGY PARAMETERS - Concluded 
S I  Un i t s  Technology Parameter Eng l i sh  u n i t s  
F des ign  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  designed by s t i f f n e s s  
c r i t e r i a  
F, s 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,Y s t r u c t u r e  designed by y i e l d  
cr i ter ia  
F des ign  f a c t o r  f o r  f u s e l a g e  
F, F s t r u c t u r e  n o t  designed by 
primary l o a d s  
des ign  f a c t o r  f o r  empennage 
weight FE 
des ign  f a c t o r  f o r  p r o p e l l a n t  
system weight FP 
Thermal P r o t e c t i o n  System (TPS) 
ave rage  weight per  u n i t  area of 
thermal  p r o t e c t i o n  system 
TPS l i f e  measured i n  f l i g h t s  LTPS 
Propuls ion  
main engine  vacuum s p e c i f i c  
ISP impulse 
main engine  weight t o  sea- 
l e v e l  t h r u s t  
Base l ine  v a l u e s  
1 .00  
1.00 
1.00 
1 .00  
5.1 kg/m2 1.09 l b / f t 2  
500 f l i g h t s  
N-sec 4560  
kg 
l b  -sec f 





Out put  Data 
Table  5-V i s  t h e  summary compilat ion of t h e  pre l iminary  p r o j e c t i o n s  
made by t h e  method-development team a t  t h e  Space D i v i s i o n  of Rockwell 
I n t e r n a t i o n a l .  
Method Module 6 i n c l u d e s  means for t h e  e n t i r e  t a b l e  t o  b e  f i l l e d  i n .  
Upper and lower confidence v a l u e s  are n o t  s p e c i f i e d ;  however, 
I 
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TABLE 5-V,- TECHNOLOGY PROJECTION SUMMARY - DEMONSTRATION 
DATA OUTPUT FROM MODULE 5 (Reference Table  5-11) 
Technology Parameter,  TPi 
.erodynamics 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
CD /CL2 induced d r a g  f a c t o r  
d r f r a m e  des-i,gn 
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
(s 1.00 f o r  b a s e l i n e )  
W,B designed by buckl ing  c r i te r ia  
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
w,c designed by c r i p p l i n g  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by s t i f f n e s s  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w, s 
des ign  f a c t o r  f o r  wing S t r u c t u r e  
(= 1.00 f o r  b a s e l i n e )  
w,y designed by y i e l d  cri teria 
F 
d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
n o t  designed by primary l o a d s  
(= 1.00 f o r  b a s e l i n e )  
W,F 
F 
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  designed by buckl ing  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
F, B 
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v a t i v e )  
0 
0 
TABLE 5-V,- TECHNOLOGY PROJECTION SUMMARY - DEMONSTRATION DATA 
OUTPUT FROM MODULE 5 (Reference Table 5-11) - Continued 
Technology Parameter, TPi 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,C s t r u c t u r e  designed by c r i p p l i n g  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  
cri teria (= 1.00 f o r  b a s e l i n e )  
F,S s t r u c t u r e  designed by s t i f f n e s s  
F 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,Y s t r u c t u r e  designed by y i e l d  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  
F,F s t r u c t u r e  n o t  designed by 
primary loads  (= 1.00 f o r  
b a s e l i n e )  
F 
d e s i g n  f a c t o r  f o r  empennage 
weight (= 1.00 f o r  b a s e l i n e )  FE 
des ign  f a c t o r  f o r  p r o p e l l a n t  
system weight (= 1.00 f o r  
b a s e l i n e )  
FP 
w e g a t e  materials p r o p e r t i e ~ s  
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
ATP./TP. 1 1  Percent  
10% 
(Opti- 
m i s t i c )  
50% 
(Prob- 






v a t  i v e )  
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TABLE 5-V.- TECHNOLOGY PROJECTION SUMMARY - DEMONSTRATION DATA 
OUTPUT FROM MODULE 5 (Reference Table  5-11) - Concluded 
Technology Parameter ,  TPi 
Chermal P r o t e c t i o n  System,. TPS 
average  weight p e r  u n i t  area of 
thermal  p r o t e c t i o n  system 
TPS l i f e  measured i n  f l i g h t s  ‘TPS 
main engine vacuum s p e c i f i c  
impulse ISP 
main engine weight t o  sea- 
level  t h r u s t  
10% 
(Opti- 


















1 0  
1 0 4  
APPENDIX 5-A 
I 
PROJECTION OF THERMAL PROTECTION SYSTEM 
LIFE FOR THE BOOST-GLIDE TRANSPORT 
The l i f e  p o t e n t i a l  of thermal  p r o t e c t i o n  systems f o r  t h e  o p e r a t i o n a l  
v e r s i o n  ( c i r c a  2000-2010) of a boos t -g l ide  t r a n s p o r t  (BGT) has  been pro- 
j e c t e d  t o  b e  e q u i v a l e n t  t o  t h e  u s e f u l  l i f e  of t h e  a i r f r a m e  (= 7000 
m i s s i o n s ) .  
Although t h e  TPS s t a t e -o f - the -a r t  is i n  i ts in fancy ,  t h e  dynamic p rogres s  
of t h e  p a s t  several y e a r s  l e a d s  t o  an  o p t i m i s t i c  a p p r a i s a l  of t h e  f u t u r e  
p o t e n t i a l .  
of 1973, s i l i c a - b a s e d  TPS materials w i l l  demonstrate a 100 simulated-mission 
l i f e  a t  a peak s u r f a c e  tempera ture  of 2300'F. 
is  p o s t u l a t e d  t h a t  technology advances might suppor t  a 1000 mis s ion  l i f e  f o r  
an e q u i v a l e n t  environment. A t  t h e  lower su r face  tempera ture  of t h e  boost-  
g l i d e  t r a n s p o r t  (BGT), 2100"F, t h e  c u r r e n t  technology could probably  suppor t  
a 500 mis s ion  l i f e  - corresponding  t o  t h a t  of t h e  BGT b a s e l i n e .  
Development tests c u r r e n t l y  i n  process  sugges t  t h a t ,  by t h e  end 
By t h e  end of t h e  decade, i t  
The above p o i n t s  are i l l u s t r a t e d  i n  f i g u r e  5-A-1 and i n c l u d e  a 
s p e c u l a t i v e  e x t r a p o l a t i o n  t o  t h e  end of t h e  cen tu ry .  
i t  i s  p r o j e c t e d  t h a t  t h e  Dr ive r ,  LTPS, could approach a p o t e n t i a l  v a l u e  
equ iva len t  t o  t h a t  of t h e  v e h i c l e ' s  primary s t r u c t u r e .  
On t h e s e  premises ,  
10 





mis s ions  
/ / / / I / / / / / / / / / /  
Airframe L i f e  
, I , . .  / / I / / / /  - ,  / //// / 1 / 
- Sur face  temp NN 2100°F --c c 
c 
Technology t rend  
Sur face  tempera ture  "N2300"F 
100 1 I I 
L I , L 
I I I I 1 r 1 I I 1 I I 
1970 1980 1990 2000 
Year 
F igu re  5-A-1.- L i f e  P r o j e c t i o n  of TPS 
5-A-1 
METHOD MODULE 6 
RESULTS AND ANALYSES 
I 
I METHOD MODULE 6 - RESULTS AND ANALYSES 
I Logic 
The f u n c t i o n  of  t h i s  module i s  t o  c o l l e c t  and c o l l a t e  t h e  r e s u l t s  of 
t h e  o v e r a l l  method, and t o  perform a n a l y s e s  t o  v e r i f y  t h e  v a l i d i t y  of t h e  
r e s u l t s  f o r  t h e  purpose of  technology planning, 
F i g u r e  6-1 i l l u s t r a t e s  t h e  l o g i c  f low of t h i s  module, Modules 3 ,  4 ,  and , 
5 provide  t h e  e s s e n t i a l  i n p u t s  i n  d a t a  format. 
s o l u t i o n  of t h e  fo l lowing  genera l  expression:  
The r e s u l t s  are der ived  by 
Techno l o  gy 
Parame t er  Technology 
Driver "Partial" " P a r t i a l "  P r o j e c t i o n  - Y -
X (ATP/TP) ADOC /DOC A D r / D r  ADOC i j = (DOC)BL ( A D r / D r  )j (ATP/TP)ij 
The Technology P r o j e c t i o n  tern r e p r e s e n t s  t h e  probable  improvement i n  
t h e  b a s e l i n e  Technology Parameters ,  as judged by t h e  technology s p e c i a l i s t ( s ) .  
T h i s  method i d e n t i f i e d  20 ( i  = 1, 2 ,  3 . . . 2 0 )  such parameters .  
The Technology Parameter " p a r t i a l "  (obtained from Module 4 )  re lates  t h e  
change i n  each of 5 Drivers ( j  = 1, 2 . . . 5 )  t o  t h e  Technology Parameters .  
S ince  each Technology Parameter a f f e c t s  one,  and o n l y  one D r i v e r ,  t h e r e  are  
enly as msny p a r t i a l s  (20) a s  t h e r e  are  'ieciirioiogy Parameters .  
The Driver " p a r t i a l "  (obtained from Module 3 )  relates t h e  change i n  t o t a l  
DOC t o  t h e  Drivers. This  method i d e n t i f i e d  6 such p a r t i a l s  corresponding t o  
t h e  6 ( j  = 1, 2 . . . 6 )  Drivers. 
The b a s e l i n e  v a l u e  of DOC is taken  from Module 3 and,  when m u l t i p l i e d  by 
t h e  product  o f  t h e  above t h r e e  terms, g i v e s  t h e  r e d u c t i o n  i n  t h e  b a s e l i n e  
o p e r a t i n g  c o s t  a t t r i b u t a b l e  t o  t h e  Technology P r o j e c t i o n ,  (ATP/TP)i. Con- 
s i d e r i n g  t h a t  a s i n g l e  Technology Parameter p a r t i a l  i s  a l l i e d  t o  one, and 
only  one Dr iver  p a r t i a l ,  t h e r e  are t h e n  20 va lues  of A D O C i j  t o  be  determined 
i n  t h i s  module. By t h e  way t h e  methodology i s  e s t a b l i s h e d ,  t h e  method a l lows  
r e v i s i o n  of t h e  Technology P r o j e c t i o n s  without change t o  t h e  remaining 
terms of t h e  above equat ion ,  
The r e s u l t s  are t o  be  i n t e g r a t e d  and presented i n  t h e  r e s u l t s  summary 




DOC Formulas Technology 
and Dr ivers  Parameter  
I t  I 
I I  I ,  T e c h n n l  ogy P r o j e c t i o n s  Inpu t s  
1 I ---I-- I 
I 1  T 
I ' Technolog Parameter  
P ar7 i a l s  
I 
1 D r i v e r  P a r t i a l s  
and Base l ine  DOC I 
Resu l t s  
Summary Dr ive r s  
Technology P o t e n t i a l  DOC Savings Due 
Parameters  t o  Technology Improvements 
Techn.Param. Improv. % L I D W  I + ADOC 
$/Ton-Mile 
" Improvement Goal" 
Economic Analys is  
T o t a l  
Operat ing 
c o s t  
$ / Ton-Mi l e  \ 
- -  Sub s o n i  c 
T ranspor t s  
Calendar  Year 
S e n s i t i v i t y  Analys is  
Cost Impact on P o t e n t i a l  DOC 
of  Achieving Other  Than Probable  
Technology Improvement, $/Ton-Mile 
Techn. Parameter  Conserva t ive  O p t i m i s t i c  
'r'igure 6-1.- Method L o g i c  
6-2 
c a l c u l a t e d  h e r e i n  and s e p r e s e n t s  a set  of achievable  "goals" f o r  t h e  c o n s t i -  
tuent technologies .  
r e a l i z e d  by a c h i e v i n g  t h e  goa ls .  
l a t i o n  of t h e  i n d i v i d u a l  Technology Parameter g o a l s  and g a i n s ,  i s  t h e  
p r i n c i p a l  product  of t h e  s u b j e c t  methodology, 
The o r d i n a t e  r e p r e s e n t s  t he  p o t e n t i a l  economic g a i n  
This  d a t a  format, t o g e t h e r  w i t h  a tabu- 
This  module a l s o  i n c l u d e s  a n  economic ( t o t a l  o p e r a t i n g  c o s t )  comparison 
of t h e  BGT, as improved by t h e  Technology P r o j e c t i o n s ,  w i t h  convent iona l  
(subsonic)  t r a n s p o r t  c o s t s  as f o r e c a s t  t o  t h e  end of t h e  century .  The pur- 
pose of t h e  comparison is  t o  i n d i c a t e ,  t o  t h e  technology p l a n n e r ,  t h e  
p o t e n t i a l  v a l u e  of pursuing t h e  technology goa l s .  
t h e  background d a t a  and r a t i o n a l e  on which the  i n d i r e c t  o p e r a t i n g  c o s t  
p o r t i o n  of t h i s  s t e p  i n  t h e  procedure i s  based. 
Appendix 6-A provides  
S e n s i t i v i t y  a n a l y s e s  have been made ( r e f e r  t o  Module 3 )  which demon- 
s t ra te  t h a t  t h e  Dr iver  p a r t i a l s  and Technology Parameter p a r t i a l s  are  
r e l a t i v e l y  i n s e n s i t i v e  t o  u n c e r t a i n t i e s  i n  t h e  b a s e l i n e  c o n s t a n t s ,  c o s t s ,  
and o p e r a t i o n a l  parameters  (e.g. ,  engine  maintenance r a t i o s ,  d e p r e c i a t i o n  
l i f e ,  reserve f u e l  f r a c t i o n ,  e t c . ) .  These u n c e r t a i n t i e s  will, however, 
impact t h e  v a l u e  of (DOC)BL, b u t  as inspec t ion  of t h e  above e q u a t i o n  shows, 
t h e  u n c e r t a i n t i e s  w i l l  have a n  e q u i v a l e n t  (percentage) e f f e c t  on A D O C i ,  
Therefore ,  s i n c e  t h e  re la t ive magnitudes o f  A D O C i j  are u n a f f e c t e d  by t h e  
above-mentioned u n c e r t a i n t i e s ,  they  should have l i t t l e  s i g n i f i c a n c e  t o  t h e  
p r e v i o u s l y  drawn conclus ions .  From Module No. 5 t h e  Technology P r o j e c t i o n s  
range  from c o n s e r v a t i v e  t o  o p t i m i s t i c  v a l u e s .  
DOC of a f a i l u r e  t o  achieve  t h e  nominal improvement ( a s  r e p r e s e n t e d  by t h e  
50% conf idence  l eve l  v a l u e ) ,  o r  of a break-through t o  t h e  o p t i m i s t i c  va lue ,  
i s  presented  i n  a S e n s i t i v i t y  Table  as i l l u s t r a t e d  i n  f i g u r e  6-1. 
The impact upon t h e  p o t e n t i a l  
Input  Data 
The fo l lowing  d a t a  w i l l  be  provided as inpu t s  t o  t h i s  Method Module: 
1, Technolopy P r o j e c t i o n s  (Table 6-1).- The p r o p o r t i o n a l  improvement 
i n  each Technology Parameter ( i )  and t h e  a s s o c i a t e d  b a s i s  f o r  t h e  
estimate, (percent  confidence i n  achievement) from Method Module 
5 ,  Table  5-11. 
2 .  Direct Operat ing Cost (Table 6-11).- DOCBL and D O C T ~ S  f o r  t h e  base- 
l i n e  BGT from Method Module 3 ,  Table 3-VI. (DOCT~S i s  t h a t  compo- 
nent  of DOCBL chargeable  t o  t h e  thermal p r o t e c t i o n  system.) 
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TABLE 6-1.- TECHNOLOGY PROJECTIONS - REQUIRED INPUT FOR MODULE 6 
Technology Parameter,  TPi 
ierodynamics 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
C D .  /CL2 induced drag  f a c t o r  
1 
4 i r f  rame d e s i g n  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by buckl ing  c r i t e r i a  
(= 1.00 f o r  b a s e l i n e )  
w, B 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
w,c designed by c r i p p l i n g  c r i t e r i a  
(= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by s t i f f n e s s  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w,s 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
(1 1.00 f o r  b a s e l i n e )  
w,y designed by y i e l d  c r i te r ia  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
n o t  designed by primary l o a d s  
(= 1.00 f o r  b a s e l i n e )  
W,F 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,B s t r u c t u r e  designed by buckl ing  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  
F,C s t r u c t u r e  designed by c r i p p l i n g  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
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a b l e )  
90% 
IConser- 
r a t ive )  
TABLE 6-1.- TECHNOLOGY PROJECTIONS - REQUIRED INPUT FOR MODULE 6 - 
Concluded 
Technology Parameter,  TPi 
d e s i g n  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  
designed by s t i f f n e s s  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
F 
F, s 
F d e s i g n  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  
designed by y i e l d  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
F, y 
F d e s i g n  f a c t o r  f o r  f u s e l a g e  s t r u c t u r e  
F ,F n o t  designed by primary l o a d s  
(= 1.00 f o r  b a s e l i n e )  
d e s i g n  f a c t o r  f o r  empennage. weight 
(= 1.00 f o r  b a s e l i n e )  FE 
d e s i g n  f a c t o r  f o r  p r o p e l l a n t  system 
weight  (= 1.00 f o r  b a s e l i n e )  FPS 
~~ 
Aggregate materials p r o p e r t i e s  
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
Thermal p r o t e c t i o n -  system 
average  weight p e r  u n i t  area of 
thermal  p r o t e c t i o n  system 
TPS l i f e  i n  f l i g h t s  LTPS 
Propuls ion  
main engine vacuum s p e c i f i c  impulse ISP 
main engine  weight t o  sea-level 
ME t h r u s t  
ATPi/TPi Percent  
10% 
(Opti- 
m i s t i c )  
50% 
(Prob- 
a b l e )  
90% 
(Cons er - 
v a t i v e )  
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TABLE 6-11.- BASELINE DOC AND DRIVER PARTIALS - REQUIRED FOR 
MODULE 6 
Baseline 
nncp c,lton-mile t D ° C ~ ~  D°CTPS WAF / GLOW 
Driver P a r t i a l s  
F o r  t n e  E r i v e r  Parameters; 
6-6 
3 .  Drive r  Par t ia l s  (Table 6-111.- The r a t i o  of t h e  p r o p o r t i o n a l  improve- 
ment i n  DOCBL t o  t h e  p r o p o r t i o n a l  improvement i n  each Dr ive r  Parame- 
ter ,  (ADOC/DOC)/ (ADriver /Driver) ;  f o r  each of t h e  s ix  Driver Parame- 
ters ( j )  from Method Module 3, Table 3-VI .  
4 .  Technology Parameter P a r t i - a l s  (T.able 6-III).- The r a t i o  of t h e  pro- 
p o r t i o n a l  improvement i n  t h e  app l i cab le  Driver Parameters  t o  
improvements i n  each Technology Parameter ,  
from Method Module 4 ,  Table 4 - I V .  
ij 
Procedures  
1. The f i r s t  s t e p  i n  t h e  procedure i s  t o  c a l c u l a t e  t h e  p r o p o r t i o n a l  improve- 
ment i n  t h e  b a s e l i n e  DOC which would r e s u l t  from each of t h e  Technology 
P r o j e c t i o n s ,  
u s i n g  t h e  50% (probable) Technology P r o j e c t i o n s  : 
This  is accomplished by so lv ing  t h e  fo l lowing  equa t ion ,  
Techno logy 
Parameter Technology 
Dr iver  Par t ia l  Par t ia l  Pro j ec  t ion  -- -
ADOC ADOC/DOC ADriver /Driver  
(E). 1J . = (ADriver /Driver) j  ( dTP/TP (z)i 
(There w i l l  be  only one s o l u t i o n  t o  t h e  equa t ion  f o r  each Technology 
Parameter because each Technology Parameter i n f l u e n c e s  only one Dr ive r . )  
( I t  may be noted t h a t  t h e  product  of t h e  Dr iver  pa r t i a l s  and t h e  
Technology Parameter p a r t i a l s  g ives  t h e  s e n s i t i v i t y  of p r o p o r t i o n a l  
changes i n  DOC t o  p r o p o r t i o n a l  changes in  each Technology Parameter, 
(ADOC/DOC)/(ATP/TP), This  t e r m  may b e  of i n t e r e s t  i n  some p lanning  
e x e r c i s e s ) .  
2 .  C a l c u l a t e  t h e  t o t a l  incrementa l  improvement ( sav ings )  i n  DOCBL base- 
l i n e  which would r e s u l t  from each of t he  Technology P r o j e c t i o n s  i f  
implemented i n d i v i d u a l l y  by t h e  fol lowing equat ion:  
TABLE 6-111, - TECHNOLOGY PARAMETER "PARTIALS" - 
REQUIRED INPUT FOR MODULE 6 
Technology Parameter,  TPi 
.e r odynarnic s 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
C /CL2 induced d rag  f a c t o r  
Di 
Arframe des.ign 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by buckl ing  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w,  B 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by c r i p p l i n g  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w, c 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
des igned  by s t i f f n e s s  cr i ter ia  
(= 1.00 f o r  b a s e l i n e )  
w, s 
des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by y i e l d  c r i t e r i a  
(= 1.00 f o r  b a s e l i n e )  
w , y F 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
n o t  designed by primary loads  
(= 1.00 f o r  b a s e l i n e )  
W,F 
F des ign  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  designed by buck l ing  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
F, B 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,C s t r u c t u r e  des igned  by c r i p p l i n g  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
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Appl i cab le  
Dr ive r  








TABLE 6-111. - TECHNOLOGY PARAMETER "PARTIALS" - 
REQUIRED INPUT FOR MODULE 6 - Concluded 
Technology Parameter, TPi 
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F,S s t r u c t u r e  designed by s t i f f n e s s  
c r i te r ia  (= 1.00 f o r  b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  designed by y i e l d  
c r i te r ia  (= 1.00 f o r  b a s e l i n e )  
F, y 
F 
F des ign  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  n o t  des igned  by 
primary l o a d s  (= 1.00  f o r  
b a s e l i n e )  
F,F 
d e s i g n  f a c t o r  f o r  empennage 
weight  (= 1.00 f o r  b a s e l i n e )  FE 
d e s i g n  f a c t o r  f o r  p r o p e l l a n t  system 
weight (= 1.00 f o r  b a s e l i n e )  FPs 
&r e g a t e  rqaterials p rppe r t - i e s  
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
App l i cab le  
Driver 
WAF /GLOW 








3 .  Tabulate  t h e  ADOCij i n  a t a b l e  as fol lows:  
P o t e n t i a l  DOC Savings Due t o  Technology Improvements, I n d i v i d u a l l y  
Technology Parameters % Improvement, (Probable)  1 ADOCij 
4 .  C a l c u l a t e  t h e  p o t e n t i a l  r e d u c t i o n  i n  DOCBL which would r e s u l t  from t h e  
probable improvement i n  a l l  t h e  Technology Parameters  taken  t o g e t h e r .  
This i s  accomplished by u s e  of t h e  fo l lowing  express ion:  
where lli means t h e  product  of t h e  i terms. 
are t o  determine t h e  values t o  be  presented  i n  t h e  resul ts  summary c h a r t  
shown i n  f i g u r e  6-1. 
The fo l lowing  t h r e e  s t e p s  
5. C a l c u l a t e  t h e  c o n t r i b u t i o n  t o  DOC made by each Technology Parameter Pot  from t h e  fol lowing:  
where CADOC i s  t h e  a r i t h m e t i c  a d d i t i o n  of a l l  (20)  ADOC 
i j  i j  
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6. Sum t h e  ADOC' 
Parameter  ( j  f j g i v i n g  ADOC 
f o r  t h e  Technology Parameters which a f f e c t  each Driver 
j' 
ADOCj = EADOCfj f o r  each Driver ( j  = 1, 2 ,  3,  4 ,  5 ,  6 )  
This  is t h e  improvement i n  DOC which would r e s u l t  from t h e  improve- 
ment i n  t h e  j t h  Dr iver .  BL 
7. C a l c u l a t e  t h e  p r o p o r t i o n a l  improvement i n  each Driver bfi t h e  fo l lowing  
r e l a t i o n s h i p  : 
i s  t h e  Priver pa r t i a l  which i s  inpu t  t o  t h i s  A D r  iver /Dr  iver )j (The t e r m  
Method Module from Module 3 . )  
8. P l o t  t h e  ADOCj j ,  t h e  ADOC. and t h e  (ADriver /Driver) j  from s t e p s  5 ,  6 ,  
and 7 above as i l l u s t r a t e 4  i n  f i g u r e  6-2. 
(ADr/Dr). x 100 
a J 
T 
ADOC' ( t yp )  
_Lij 
ADOC 
$ / ton-mile 
Driver "Improvement Goal, I' percen t  
T 






Steps 9 through 1 2  provide f o r  c a l c u l a t i n g  t h e  p o t e n t i a l  o p e r a t i n g  
c o s t s  i f  a l l  t h e  technology improvements were achieved a t  t h e  50% 
(probable)  l eve l .  
j ec t ed  a i r l i n e  indus t ry  o p e r a t i n g  c o s t s  ( r e f e r e n c e  f i g u r e  6-3). 
Ca lcu la t e  t h e  p o t e n t i a l  DOC as fo l lows:  
A comparison i s  then  made of t h i s  c o s t  w i th  pro- 
DOCpot = DOCBL - ADOCpot 
The c o s t  of p r o p e l l a n t ,  Cp, i s  a s i g n i f i c a n t  f a c t o r  i n  t h e  economics of 
a BGT. A s  shown i n  f i g u r e  6-4 ,  t h e  c o s t  of LH2 w a s  taken  as 8C/lbf 
( r e fe rence  Module 3 ,  Appendix C) a t  t h e  end of t h e  century .  
forming t h e  economic comparison, a d i f f e r e n t  p r o p e l l a n t  c o s t  increment/  
decrement can be  accounted f o r  i n  t h e  fo l lowing  way: 
In  per-  
DOCf 
ADOCf, = (DOCBL) -(1 - z )  DOCpot 
where, 
C i  = r e v i s e d  p r o p e l l a n t  c o s t  p r o j e c t i o n  
Cp 
= p r o p e l l a n t  c o s t  used i n  t h e  b a s e l i n e  DOC 
DOC, 
L - = f r a c t i o n  of DOC r ep resen ted  by p r o p e l l a n t ,  from 
D°CBL Module 3 .  BL 
E s t i m a t e  t o t a l  o p e r a t i n g  c o s t  (TOC) by adding i n d i r e c t  o p e r a t i n g  c o s t  
(IOC) t o  DOC. I O C  c o n s i s t s  of g e n e r a l ,  a d m i n i s t r a t i v e ,  and service 
expenses which are g e n e r a l l y  independent of t h e  f l i g h t  system technology 
improvements, I O C  can, t h e r e f o r e ,  b e  added as a f i x e d  v a l u e  t o  both 
DOCBL and DOCpot. I O C  has  been es t imated  a t  $.lo p e r  ton-mile ( in-  
v a r i a n t  w i th  t ime)  f o r  t h e  BGT ( r e f e r e n c e  Appendix 6-A), and TOC is  
computed as fo l lows:  
TOCBL = DOCBL + 0.10, ($/ ton-mile)  







































































Figure 6 - 4 . -  Projected Cost of Liquid Hydrogen Fuel 
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12. P l o t  t h e  TOCBL and TOCpot on t h e  p r o j e c t i o n  of a i r l i n e  o p e r a t i n g  c o s t s ,  
F igu re  6-3, 
13 ,  S e n s i t i v i t y  ana lys i s . -  The subsequent s t e p s  i n d i c a t e  t h e  impact on t h e  
p o t e n t i a l  TOC and DOC of ach iev ing  o ther  t h a n  t h e  nominal (50% probable)  
v a l u e  f o r  t h e  improvement i n  each technology area. 
When t h e  10% ( o p t i m i s t i c )  and 90% (conserva t ive)  confidence v a l u e s  f o r  
t h e  Technology P r o j e c t i o n s  have n o t  been provided as d a t a  i n p u t s  t o  
t h i s  module, estimate t h e s e  v a l u e s  as fo l lows:  
10% ( o p t i m i s t i c )  v a l u e  = 1 . 4  x 50% (probable)  v a l u e  
1 4 .  C a l c u l a t e  t h e  inc remen ta l  improvement i n  DOCBL which would r e s u l t s  from 
ach iev ing  t h e  10% ( o p t i m i s t i c )  and 90% (conserva t ive)  l e v e l s  of improve- 
ment i n  t h e  Technology Parameters ,  A D O C i j ,  by r e p e a t i n g  s t e p s  1, 2 ,  4 ,  
and 5 above us ing  t h e  10% ( o p t i m i s t i c )  and 90% (conserva t ive)  v a l u e s .  
15. C a l c u l a t e  t h e  impact on t h e  p o t e n t i a l  DOC of ach iev ing  o t h e r  than  t h e  
50% (probable)  l eve l  of technology by s u b t r a c t i n g  A D O C i j  c a l c u l a t e d  i n  
s t e p  5 from t h e  two sets of v a l u e s  obtained i n  s t e p  14 above. Tabu- 
l a t e  t h e s e  i n  t h e  fo l lowing  format:  
COST IMPACT ON POTENTIAL DOC OF ACHIEVING OTHER 
THAN THE PROBABLE TECHNOLOGY PROJECTIONS, $/TON-MILE 
Technology Parameter Consetvat i ve  O p t i m i s t i c  
Pro j e c t  ion P r o j e c t i o n  
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DEMONSTRATION 
This s e c t i o n  provides  an i l l u s t r a t i o n  of how t h e  procedures  of t h i s  
Method Module are  t o  b e  app l i ed .  
Input  Data 
The inpu t  d a t a  f o r  t h e  demonstrat ion are based on t h e  d a t a  from t h e  





The Technology P r o j e c t i o n s  are g iven  i n  Table  6-IV and are 
o u t p u t s  from Module 5, Technology P r o j e c t i o n s ,  Table  5-V. 
The b a s e l i n e  DOC'S f o r  t h e  b a s e l i n e  BGT are shown i n  Table  
6-V, taken  from t h e  ou tpu t  of Module 3 ,  Table 3 - I V .  
The "Driver p a r t i a l s "  (ADOC/DOC) / (ADriver /Driver)  are a l s o  
p re sen ted  i n  Table 6-V and are o u t p u t s  from Module 3 ,  Table 
3-IX.  
The "Technology Parameter p a r t i a l s "  are presented  i n  Table 
6-VI and are ou tpu t s  from Module 4 ,  Technology Parameter 
Equat ions,  Table  4-VII .  
Procedures 
Steps 1 and 2.- The procedures  of s t e p s  1 and 2 ,  which g i v e  t h e  esti- 
mated r educ t ion  i n  t h e  b a s e l i n e  DOC which would r e s u l t  from t h e  Technology 
PEoject ions,  are i l l u s t r a t e d  i n  Table  6-VII, Tabula t ion  Work Shee t ,  
The p r o j e c t e d  improvements i n  t h e  Technology Parameters t o  t h e  50% 
probable  l e v e l  have been en te red  i n  column 4 .  The r e d u c t i o n  i n  DOC f o r  t h e  
p ro jec t ed  improvement i n  each Technology Parameter i s  shown i n  column 6.  
(The t e r m  (ADOC/DOC)/(ATP/TP), which is  t h e  s e n s i t i v i t y  of p r o p o r t i o n a l  
improvements i n  DOC t o  p r o p o r t i o n a l  improvements i n  each Technology Parameter ,  
is  t h e  product o f  column (2 )  and column (3 )  and can be  computed s e p a r a t e l y ,  
i f  des i r ed .  ) 
Step 3 .  - The t a b u l a t i o n  of A D O C i j  f o r  t h e  improvement i n  each 
Technology Parameter has  been t a b u l a t e d  i n  Table  6-VIII. The r e s u l t s  
i n d i c a t e ,  f o r  example, t h a t  t h e  10% improvement p ro jec t ed  i n  C taken  
i n d i v i d u a l l y  would y i e l d  a 19.7C p e r  ton-mile r e d u c t i o n  i n  DOC. DO 
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TABLE 6 - I V  .- TECHNOLOGY PROJECTIONS - DEMONSTRATION 
DATA INPUT FOR MODULE 6 (Reference TABLE 6-1) 
Technology Parameter, TBi 
ierodynamics 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
CD. /CL2 induced drag  f a c t o r  
1 
Lirframe des ign  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
W,B designed by buckl ing  c r i t e r i a  
(= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
w,c designed by c r i p p l i n g  c r i t e r i a  
(= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by s t i f f n e s s  c r i t e r i a  
(= 1.00 f o r  b a s e l i n e )  
w, s 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
(= 1.00 f o r  b a s e l i n e )  
w,y designed by y i e l d  c r i t e r i a  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
no t  designed by primary l o a d s  
(= 1.00 f o r  b a s e l i n e )  
W,F 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,B s t r u c t u r e  designed by buckl ing  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  
F,C s t r u c t u r e  designed by c r i p p l i n g  
c r i te r ia  (= 1.00 f o r  b a s e l i n e )  



















1 0  
90% 
h n s e r -  
s t i v e )  
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TABLE 6-1V.- TECHNOLOGY PROJECTIONS - DEMONSTRATION DATA 
INPUT FOR MODULE 6 (Reference TABLE 6-1) - 
Concluded 
TPS l i f e  i n  f l i g h t s  LTPS 
Propuls ion 
Technology Parameter ,  TPi (Opti- 
m i s t i c )  
+1328* 
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F,S s t r u c t u r e  designed by s t i f f n e s s  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
main engine vacuum s p e c i f i c  impulse ISP 
main engine  weight t o  sea-level 
t h r u s t  ME 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,Y s t r u c t u r e  designed by y i e l d  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
+2 
F des ign  f a c t o r  f o r  f u s e l a g e  
s t r u c t u r e  n o t  designed by 
primary l o a d s  ( = 1.00 f o r  
b a s e l i n e )  
F,F 
d e s i g n  f a c t o r  f o r  empennage 
weight (= 1.00 f o r  b a s e l i n e )  FE 
des ign  f a c t o r  f o r  p r o p e l l a n t  system 
weight (= 1.00 f o r  b a s e l i n e )  FPS 
Aggregate materials p r o p e r t i e s  
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
Thermal p r o t e c t i o n  system 
average weight per u n i t  area of 
thermal  p r o t e c t i o n  system 
P e r c e n t  
50% 
(Prob- 















v a t  i v e )  
+614 
0 
*Projec t ion  assumes TPS can l a s t  f o r  t h e  l i f e  of t h e  t r a n s p o r t .  
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TABLE 6-V.- BASELINE DOC AND DRIVER PARTIALS - DEMONSTRATION 
DATA INPUT FOR MODULE 6 (Reference TABLE 6-11) 
B a s e l i n e  
DOC, c / ton-mile  
 DOC^^ D°CTPS 
183.8 80.6 
Driver Par t ia l s  
For t h e  Driver Parameters  : 
WAF/GLOW (W/AITps (WME/T) L/D 





*Driver P a r t i a l  f o r  LTpS evalua ted  a t  t h e  p r o j e c t e d  v a l u e  of 7140 
f l i g h t s  
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TABLE 6-VI.- TECHNOLOGY PARAMETER "PARTIALS" - DEMONSTRATION 
DATA INPUT FOR MODULE 6 (Reference TABLE 6-111) 
Technology Parameter, TPi 
Serodynamics 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
c /CL2 induced d rag  f a c t o r  
Di 
Airframe des ign  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
(= 1.00 f o r  b a s e l i n e )  
W,B designed by buckl ing  c r i te r ia  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
w,c designed by c r i p p l i n g  cr i ter ia  
(= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by s t i f f n e s s  cr i ter ia  
(= 1.00 f o r  b a s e l i n e )  
w, s 
des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by y i e l d  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w , y F 
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
n o t  designed by primary loads  
(= 1.00 f o r  b a s e l i n e )  
W,F 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,B s t r u c t u r e  designed by buckl ing  
c r i te r ia  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  
F ,c s t r u c t u r e  des igned  by c r i p p l i n g  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
App l i cab le  












TABLE 6-VI,- TECHNOL GY P. RAMETER "PARTIALS" - DEMONSTRATION DATA 
INPUT FOR MODULE 6 (Reference TABLE 6-111) - Concluded 
Technology Parameter, TPi 
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F,S s t r u c t u r e  des igned  by s t i f f n e s s  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F,Y s t r u c t u r e  designed by y i e l d  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  
F,F s t r u c t u r e  no t  des igned  by 
primary loads  ( = 1.00 f o r  
b a s e l i n e )  
des ign  f a c t o r  f o r  empennage 
weight (= 1.00 f o r  b a s e l i n e )  FE 
des ign  f a c t o r  f o r  p r o p e l l a n t  
system weight (= 1.00 f o r  
b a s e l i n e )  
FPs 
9 g r e g a t e  materials prpperties 
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  










TABLE 6-VI1 . -  TABULATION WORK SHEET FOR PROCEDURES STEPS 1-7 
Appl i cab le  
Driver 
"TP 







j e c t i o n ,  50% 
(Probable)  
'Driver 




























w , s 
w,y 
W,F 
F b C  
F,  s 
b y  

















1 1  
































































+13.28 1.0 TPS L 
ISP ISP -18.25 1.0 0 
-0.10 1.0 1 . 3 8  
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TABLE 6411.- TABULATION WORK SHEET FOR PROCEDURES STEPS 1-7 - Concluded 
A D O C i j  50% 
(Probable)  
$/ton-mile 
LDOC ' ADOC j $/ ton-  
m i l e  
Technology 
















































0 .853  






















-0.212 LTP S 8.236 




0 .061  -0.254 0.862 -0.156 
ADOC n ( 1- IDOC -l i j )  = 0 * 2 9 6  
i 
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TABLE 6-VII1.- REDUCTION I N  DOCBL FROM ACHIEVEMENT OF THE PROBABLE 
IMPROVEMENT I N  EACH TECHNOLOGY PARAMETER, INDIVIDUALLY 
Technology Parameter, TPi 
6-24 
Lerodynamics 
z e r o - l i f t  d rag  c o e f f i c i e n t  
0 
cD 
c /CL2 induced d rag  f a c t o r  
D, A 
' rppuls ion 
main engine vacuum s p e c i f i c  
impulse ISP 
main engine weight t o  sea - l eve l  
t h r u s t  r a t i o  
r i r f rame des ign  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by buckl ing  c r i te r ia  
(a 1.00 f o r  b a s e l i n e )  
w, €3 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
(= 1.00 f o r  b a s e l i n e )  
w,c designed by c x i p p l i n g  cr i ter ia  
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
designed by s t i f f n e s s  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w, s 
des ign  f a c t o r  f o r  wing s t r u c t u r e  
(= 1.00 for b a s e l i n e )  
w,y designed by y i e l d  cri teria 
F 
F des ign  f a c t o r  f o r  wing s t r u c t u r e  
no t  designed by primary loads  
(= 1.00 f o r  b a s e l i n e )  
W,F 
% improvement 




















- 3 . 1  
-3.5 
TABLE 6-V1II.- REDUCTION I N  DOCBL FROM ACHIEVEMENT OF THE PROBABLE 
IMPROVEMENT I N  EACH TECHNOLOGY PARAMETER, INDIVIDUALLY - 
Concluded 
Technology Parameter, TPi 
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F,B s t r u c t u r e  designed by buckling 
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  
F,C s t r u c t u r e  designed by c r i p p l i n g  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F, s s t r u c t u r e  des igned  by s t i f f n e s s  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F s y s t r u c t u r e  designed by y i e l d  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
des ign  f a c t o r  f o r  f u s e l a g e  
F,F s t r u c t u r e  no t  designed. by 
primary loads  (= 1.00 f o r  
bas  e i i n e )  
F 
des ign  f a c t o r  f o r  empennage 
weight (= 1.00 f o r  b a s e l i n e )  FE 
des ign  f a c t o r  f o r  p rope l l an t  
system weight (= 1.00 f o r  
b a s e l i n e )  
FPS 
Aggregate materials pr  o p e r t  i-es 
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
Thermal p r o t e c t i o n ,  system 
(W/A)Tps average  weight per  u n i t  a r ea  of 
thermal  p r o t e c t i o n  
TPS l i f e  i n  number of f l i g h t s  LTPS 
% improvement 













i j  
ADOC 
C/ ton-mile 










- 2 0 . 4  
- 3 4 . 2  
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Step 4.- The p o t e n t i a l  r e d u c t i o n  i n  DOCBL which would r e s u l t  from t h e  
p ro jec t ed  50% (probable)  improvements i n  a l l  t h e  Technology Parameters 
combined is c a l c u l a t e d  as $1.404C p e r  t o n - m i l e  by t h e  r e l a t i o n s h i p :  
ADoCPot = [I - 7 [I - 
i j ]  1 
= 11 - ,2961 x 1.838 
= $1,294/ton-mile 
The v a l u e s  of 1 - and t h e i r  p roducts  are taken  from column 7 
of Table 6-VII. 
Step 5.- The approximate p r o p o r t i o n a l  c o n t r i b u t i o n  of t h e  improvement i n  
each Technology Parameter t o  ADOC i s  c a l c u l a t e d  i n  column 8 of Table  Pot 6-VII. 
x DOC ADoCPo t
A D o c f j  = CADOC i j  i j  
- $1,294 - 
2.100 
The c o n t r i b u t i o n  of the improvement i n  t h e  Technology Parameter, ‘Do, 
t o  t h e  o v e r a l l  r educ t ion ,  i f  a l l  improvements were achieved,  i s  approxi -  
mately 1 1 . 6 ~  pe r  ton-mile. The Technology Parameters  are n o t  independent  
s o  t h a t  t h i s  c o n t r i b u t i o n  i s  less than  i f  t h e  r educ t ion  i n  C D  were 
achieved i n d i v i d u a l l y ,  0 
Steps 6 and 7.- The p r o p o r t i o n a l  improvement i n  each Driver and t h e  
c o n t r i b u t i o n  of each Dr iver  t o  t h e  combined r educ t ion  i n  DOC i s  c a l c u l a t e d  
i n  columns 9 and 10 of Table 6-VII. 







Step 9.- The p o t e n t i a l  DOC v a l u e  which would r e s u l t  from achievement 
of t h e  50% (probable)  level of improvement i n  a l l  t h e  Technology Parameters 
combined i s  c a l c u l a t e d  as 43.4C pe r  ton-mile as fo l lows :  
Docpot = DOCBL - ADOCpot 
= 183.9 - 129.4 = 54.5 c / ton-mi le  
Docpot 
S tep  IO..- A hydrogen c o s t  of 8 ~ / l b  and an  oxygen c o s t  of 1 , 2 ~ / l b  w a s  
used f o r  t h e  demonst ra t ion .  
S tep-11 , -  The v a l u e s  f o r  TOCBL and TOCpotential are c a l c u l a t e d  by 
adding IOC = 1 0 ~  per  ton-mile t o  t h e  DOC v a l u e s .  
TOCBL = DOCBL + 10 = 193.9c p e r  ton-mile 
= DOCpot + 10 =i 54.5 + 10 = 6 4 . 5 ~  per ton-mile 
T°Cpotent i a l  
I n  o ther  words, t h e  b a s e l i n e  TOC f o r  t h e  BGT i s  e s t ima ted  a t  1 9 3 . 8 ~  pe r  ton- 
m i l e ,  This  could p o t e n t i a l l y  be  reduced t o  6 4 . 5 C  p e r  ton-mile by t h e  com- 
bined e f f e c t  of t h e  improvements 50% (probable)  i n  a l l  t h e  Technology Parame- 
ters and by t h e  p r o j e c t e d  r e d u c t i o n  i n  f u e l  c o s t  t o  t h e  end of the c e n t u r y ,  
Step 12.-  The TOC v a l u e s  from s t e p  11 are compared wi th  t h e  p r o j e c t e d  
indus t ry  o p e r a t i n g  c o s t s  i n  f i g u r e  6-6. 
BGT t o t a l  o p e r a t i n g  c o s t  of 6 4 . 4 ~  per  ton-mile based on t h e  achievement of 
a l l  t h e  technology improvements as p r o j e c t e d  a t  t h e  50% (probable)  l e v e l  would 
be  wi th in  35.5C p e r  ton-mile of t h e  p r o j e c t e d  i n d u s t r y  average  of 29C per  
ton-mile a t  a t a r g e t  d a t e o f  about 2000. 
The r e s u l t s  i n d i c a t e  a p o t e n t i a l  
,S teps  13-15, S e n s i t i v i t y  a n a l y s i s . -  The r e s u l t s  of t h e  s e n s i t i v i t y  
a n a l y s i s ,  s t e p s  13-15, are p resen ted  i n  Table  6-IX. The 90% (conse rva t ive )  
and 10% ( o p t i m i s t i c )  p r o j e c t i o n s  i n  t h e  Technology P r o j e c t i o n s  w e r e  est i-  







TABLE 6-1X.- COST IMPACT ON POTENTIAL DOC OF ACHIEVING OTHER THAN 
THE NOMINAL TECHNOLOGY IMPROVEMENTS, C/TON-MILE 
Technology Parameter,  TPi 
Aerodynamics 
z e r o - l i f t  d r a g  c o e f f i c i e n t  
0 
cD 
c /CL2 induced drag  f a c t o r  
Di 
P r op u l  s i p n  
s p e c i f i c  impulse ISP 
(W/ T IME main engine  weight- to- thrust  
6-30 
qirframe d e s i g n  
d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
designed by buckl ing  c r i t e r i a  
(= 1.00 f o r  b a s e l i n e )  
w, B F 
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
designed by c r i p p l i n g  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w, c 
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
designed by s t i f f n e s s  c r i t e r i a  
(= 1.00 f o r  b a s e l i n e )  
w, s 
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
designed by y i e l d  c r i te r ia  
(= 1.00 f o r  b a s e l i n e )  
w,y 
F d e s i g n  f a c t o r  f o r  wing s t r u c t u r e  
n o t  designed by primary l o a d s  
(= 1.00 f o r  b a s e l i n e )  
w , F 
F d e s i g n  f a c t o r  f o r  f u s e l a g e  
F,B s t r u c t u r e  designed by buckl ing  
cr i ter ia  (= 1.00 f o r  b a s e l i n e )  
ADOC i n  C/ton-mile from 
50% conf idence  p r o j e c t i o n  
~~ 
Cons er va t ive 
Pro j ect i o n  
12 .1  
5.9 
0 
3 . 3  
0 .2. 
0.1  
0 .1  
0.4  
0 .4  
0.6 
O p t i m i s t i c  











TABLE 6-IX.- COST IMPACT ON POTENTIAL DOC OF ACHIEVING OTHER THAN THE 
NOMINAL TECHNOLOGY IMPROVEMENTS, c/TON-MILE - Concluded 
Technology Parameter, TPi 
F des ign  f a c t o r  f o r  f u s e l a g e  
F,C s t r u c t u r e  designed by c r i p p l i n g  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  
F,S s t r u c t u r e  des igned  by s t i f f n e s s  
c r i t e r i a  (= 1.00 f o r  b a s e l i n e )  
F des ign  f a c t o r  f o r  f u s e l a g e  
F,Y s t r u c t u r e  designed by y i e l d  
c r i te r ia  (= 1.00 f o r  base l ine )  
F des ign  f a c c o r  f o r  f u s e l a g e  
s t r u c t u r e  no t  des igned  by 
primary l o a d s  (= 1.00 f o r  
b a s e l i n e )  
F,F 
d e s i g n  f a c t o r  f o r  empennage 
weight  (= 1.00 f o r  b a s e l i n e )  FE 
PS F des ign  f a c t o r  f o r  p rope l l an t  system weight (= 1.00 f o r  
b a s  e l  i n e )  
Aggregate materials p r o p e r t i e s  
FMP f u s e l a g e  material p r o p e r t i e s  
WMP wing material p r o p e r t i e s  
Thermal p r o t e c t i o n  system 
(W/AITPS a v e r a g e  u n i t  weight of TPS 
TPS l i f e  i n  number of f l i g h t s  LTPS 
ADOC i n  c/ton-mile from 
50% conf idence  p r o j e c t i o n  
Conserva t ive  
Pro j ect i o n  






3 .5  
1 . 2  
2.8 
8.5 
O p t i m i s t i c  










5 .9  
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APPENDIX 6-A 
INDIRECT OPERATING EXPENSE (IOC) FOR BGT 
I n d i r e c t  o p e r a t i n g  expenses inc lude  genera l  and a d m i n i s t r a t i v e  expenses ,  
a l l  c o s t s  r e l a t e d  t o  ground equipment and f a c i l i t i e s ,  passenger  c o s t s ,  and 
a i r c r a f t  s e r v i c i n g  inc lud ing  t e r m i n a l  f e e s ,  ramp personnel ,  and turnaround 
c o s t s  6 
I O C  w a s  p r o j e c t e d  t o  t h e  t a r g e t  y e a r ,  2000, a t  21C pe r  ton-mile i n  t h e  
HST s tudy  ( r e f e r e n c e  6-A-1) based on an  examination of U.S. a i r l i n e  exper ience  
f o r  t h e  p a s t  t e n  y e a r s .  These d a t a  show t h a t  IOC has  remained between 22.36 
and 17.4C i n  t h a t  t i m e .  It w a s  2 2 . 3 ~  i n  1961 and 2 1 . 3 ~  i n  1971 ( r e f e r e n c e  
6-A-2). 
Three c o n s i d e r a t i o n s  are i n d i c a t e d  f o r  a p p l i c a t i o n  of t h e  same p r o j e c t i o n  
t o  t h e  BGT: 
1. An inc reased  al lowance should b e  made f o r  a d d i t i o n a l  ground 
suppor t  equipment and f a c i l i t i e s  inc luding  t r a n s p o r t e r - e r e c t o r  
v e h i c l e s .  
2. An i nc reased  al lowance should b e  made i n  a i r c r a f t  o r  v e h i c l e  
s e r v i c i n g  c o s t s  which inc lude  t h e  v e r t i c a l  launch pad ope ra t ions  
p l u s  f e e s  f o r  t h e  t e rmina l  f a c i l i t i e s .  
3 .  The I O C  i s  much more n e a r l y  r e l a t e d  t o  number of f l i g h t s  than  t o  
ton-miles  flown. Therefore ,  t h e  c o s t s  should be  c~mputed  on a 
pe r  f l i g h t  b a s i s  b e f o r e  a p p l i c a t i o n  t o  t h e  BGT and then  recon- 
v e r t e d  t o  t h e  ton-mile b a s i s .  Otherwise, t h e  very  long  d i s t a n c e  
f l i g h t s ,  of t h e  o rde r  of 18 000 km (11 000 m i l e s )  f o r  t h e  BGT 
would weight t h e s e  c o s t s  too  heavi ly .  
A breakdown of t h e  p r o j e c t e d  21C pes  ton-miles i n t o  subaccounts  from 
t h e  ATA d a t a  i s  presented  i n  Table  6-A-1. The breakdown is  based on 
exper ience  f o r  i n t e r n a t i o n a l  a i r l i n e s  which i t  w a s  f e l t  more c l o s e l y  
r e f l e c t  BGT o p e r a t i o n  than  t h e  domest ic  l i n e s ,  
an  a c t u a l  I O C  of approximately 1 8 . 5 ~  per  ton-mile i n  1971. 
c a r r i e d  a n  average  of 11 .2  t ons  payload and f lew an average  of 1671  m i l e s  
p e r  f l i g h t  (depa r tu re )  (18 760 ton-miles per f l i g h t ) .  The p r o j e c t e d  216 
per  ton-mile then  amounts t o  $3940 p e r  f l i g h t .  
c r a f t  s e r v i c i n g  c o s t s  and ground p rope r ty  and equipment c o s t s  should b e  
The i n t e r n a t i o n a l  l i n e s  had 
These l i n e s  
It i s  judged t h a t  t h e  air-  
6-A-1 
TABLE 6-A-1,- IOC PROJECTION SUMMARY 
P r o j e c t e d  Cost Adjusted 
f o r  Ai rp lanes  f o r  BGT 
I O C  
Subaccount s 
A i r c r a f t  Serv ic ing  
T r a f f i c  Serv ic ing  
Serv ic ing  Adminis t ra t ion  
Passenger S e r v i c e  
Promotion and S a l e s  
Ground Proper ty  and 
Equipment (Maintenance 
and Deprec ia t ion)  
General and Adminis t ra t ive  










$ per  









$ per  











i n c r e a s e d  a n  o r d e r  of magnitude f o r  t h e  BGT which r e s u l t s  i n  an  I O C  of 
$11,950 per  f l i g h t .  
I The ton-miles per  f l i g h t  f o r  t h e  b a s e l i n e  BGT are c a l c u l a t e d  as W x 
LF x RT = 119 460, PL 
$11s950 = p e r  ton-mile 
119 460 IOC * 
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